Google 


This  is  a  digital  copy  of  a  book  that  was  preserved  for  generations  on  library  shelves  before  it  was  carefully  scanned  by  Google  as  part  of  a  project 

to  make  the  world's  books  discoverable  online. 

It  has  survived  long  enough  for  the  copyright  to  expire  and  the  book  to  enter  the  public  domain.  A  public  domain  book  is  one  that  was  never  subject 

to  copyright  or  whose  legal  copyright  term  has  expired.  Whether  a  book  is  in  the  public  domain  may  vary  country  to  country.  Public  domain  books 

are  our  gateways  to  the  past,  representing  a  wealth  of  history,  culture  and  knowledge  that's  often  difficult  to  discover. 

Marks,  notations  and  other  maiginalia  present  in  the  original  volume  will  appear  in  this  file  -  a  reminder  of  this  book's  long  journey  from  the 

publisher  to  a  library  and  finally  to  you. 

Usage  guidelines 

Google  is  proud  to  partner  with  libraries  to  digitize  public  domain  materials  and  make  them  widely  accessible.  Public  domain  books  belong  to  the 
public  and  we  are  merely  their  custodians.  Nevertheless,  this  work  is  expensive,  so  in  order  to  keep  providing  tliis  resource,  we  liave  taken  steps  to 
prevent  abuse  by  commercial  parties,  including  placing  technical  restrictions  on  automated  querying. 
We  also  ask  that  you: 

+  Make  non-commercial  use  of  the  files  We  designed  Google  Book  Search  for  use  by  individuals,  and  we  request  that  you  use  these  files  for 
personal,  non-commercial  purposes. 

+  Refrain  fivm  automated  querying  Do  not  send  automated  queries  of  any  sort  to  Google's  system:  If  you  are  conducting  research  on  machine 
translation,  optical  character  recognition  or  other  areas  where  access  to  a  large  amount  of  text  is  helpful,  please  contact  us.  We  encourage  the 
use  of  public  domain  materials  for  these  purposes  and  may  be  able  to  help. 

+  Maintain  attributionTht  GoogXt  "watermark"  you  see  on  each  file  is  essential  for  in  forming  people  about  this  project  and  helping  them  find 
additional  materials  through  Google  Book  Search.  Please  do  not  remove  it. 

+  Keep  it  legal  Whatever  your  use,  remember  that  you  are  responsible  for  ensuring  that  what  you  are  doing  is  legal.  Do  not  assume  that  just 
because  we  believe  a  book  is  in  the  public  domain  for  users  in  the  United  States,  that  the  work  is  also  in  the  public  domain  for  users  in  other 
countries.  Whether  a  book  is  still  in  copyright  varies  from  country  to  country,  and  we  can't  offer  guidance  on  whether  any  specific  use  of 
any  specific  book  is  allowed.  Please  do  not  assume  that  a  book's  appearance  in  Google  Book  Search  means  it  can  be  used  in  any  manner 
anywhere  in  the  world.  Copyright  infringement  liabili^  can  be  quite  severe. 

About  Google  Book  Search 

Google's  mission  is  to  organize  the  world's  information  and  to  make  it  universally  accessible  and  useful.   Google  Book  Search  helps  readers 
discover  the  world's  books  while  helping  authors  and  publishers  reach  new  audiences.  You  can  search  through  the  full  text  of  this  book  on  the  web 

at|http: //books  .google  .com/I 


'{ 


.    « 


i 


."    I  .-    •  »• 


P'Liiiiiiiiiui-iiia^ii! 


.,^^,Mli,,,Mni!iilfWr|MrtM''i'i'^^''^'^^-g 


I 


C' 


-^ 


i 


.  1 

•I 


,.v- 


Ml* 


r 


/ 


/ 


V 


ootot30j?9  laeo. 


AGRICOLTIAL  EXPERIMENT 


TAXION. 


INSECTS  INJURIOUS    TO    STORED   GRAIN 

AND   CEREAL   PRODUCTS. 


BY 


A.  L.  QUAINTANCE. 


The  Bulletins  of  this  Station  will  be  sent  free  to  any  address  in 
Florida  upon  application  to  the  Director  of  the  Experi- 
ment Station,   Lake  City,  Fla. 


JAOKSOIVTILLB,  TLA,.: 
DAOOeTA  PRINTINa  AND  FUBI<ISHINO  HOU8B, 

1896. 


BOARD  OF  TRUSTEES. 


Hon.  Walter  Gwynn,   President Sanford 

Hon.  W.  D.  Chipley,  Vice-President    .    .    .    Pensacola 
Hon.  F.  E.  Harris,  Ch'n  Executive  Committee  .  Ocala 
Hon.  a.  B.  Hagen,  Secretary   ......    Lake  City 

Hon.  S.  Stringer Brooksville 


STATION  STAFF. 


0.  Clute,  M.  S.,  LL.  D Director 

P   H.  Rolfs,  M.  S.     ...    Horticulturist  and  Biologist 

A.  A.  Persons,  M.  S Chemist 

A.  L.  QuAiNTANCE,  M.  S Assistant  in  Biology 

J.  P.  Da  VIES,  B.  S Assistant  in  Chemistry 

John  F.  Mitchell  .  .  .  Foreman  of  Lake  City  Farm 
J.  T.  Stubbs  .  .  .  Supt.  Sub-Station,  DeFuniak  Springs 
W.  A.  Marsh Supt.  Sub-Station,  Fort  Myers 


INSECTS    INJURIOUS    TO    STOKED    GRAIN 

AND  CEREAL  PRODUCTS. 

Contents. 

General  remarks 358 

The  Angamois  grain  moth 359 

The  meal  snout-moth 362 

The  Mediterranean  flour  moth 363 

The  Indian-meal  moth 364 

The  granary  weevil 366 

The  rice  weevil 367 

The  bean  weevil 369 

The  Chinese  cow-pea  weevil 370 

The  four-spotted  bean  weevil 371 

The  pea    weevil 372 

The  slender-horned  flour  beetle 374 

The  confused  flour  beetle 375 

The  rost-red  flour  beetle 376 

The  red  grain  beetle 377 

The  com  Silvanus 378 

The  grain-eating  Brachy tarsus 380 

The  Catorama  flour  beetle 381 

Treatment 382 

Acknowledgments 386 


223905 


GEIVEBAL  REMARKS. 

The  ravages  of  insects  in  stored  grain  and  cereal 
products  in  Florida  are  particularly  severe.  That  this  is 
true,  is  at  once  understood  from  the  fact  that  our  climate 
allows  of  a  very  long,  and  doubtless  with  many  species, 
an  uninterrupted  breeding  season.  Grain  stored  away  in 
the  fall  may  become  so  badly  infested  by  spring  that  its 
value  as  feed  is  greatly  reduced,  and  for  seed  purposes  it  is 
quite  worthless.  The  weight  of  grain  infested  with  insects 
soon  becomes  greatly  reduced  from  the  fact  that  the  nutri- 
tious substance  has  been  eaten  out,  leaving  the  empty  hulls. 
Observations  that  have  been  made,  on  grain  infested  by  the 
Angumois  grain  moth  for  six  months,  show  that  it  sustain- 
ed a  loss  of  fifty  per  cent  in  weight,  and  seventy-five  percent 
in  its  farinaceous  matter.  The  example  of  the  work  of 
this  one  insect  alone,  will  serve  to  give  some  idea  of  the 
great  loss  sustained  by  farmers  and  dealers,  from  grain  in- 
festing insects. 

According  to  Hon.  L.  B.  Wombwell,  CJommissioner 
of  Agriculture,  the  corn  crop  in  Florida  for  1893  was 
3,403,728  bushels,  valued  at  $2,462,890.75.  From  ex- 
tended observations  we  believe  that  fully  twenty  per  cent 
of  all  the  corn  stored  in  granaries  is  destroyed  by  insects. 
If  the  above  figures  on  the  yield  and  value  of  the  corn 
crop  of  Florida  be  entirely  correct,  it  is  seen  that  our  an- 
nual loss  becomes  exceedingly  great.  Twenty  per  cent  of 
$2,462,890.75  is  $492,598.15.  This  will  indicate  approxi- 
mately the  yearly  loss  sustained  by  the  farmers  and  grain 
dealers  of  this  State.  Corn,  however,  is  not  the  only  crop 
that  is  attacked.  Rice,  cow-peas,  oats,  beans,  peas,  peanuts, 
cotton-seed,  flour,  corn-meal,  grocery  produce,  and  many 
other  substances  are  quite  as  subject  to  the  attack  of  in- 
sects, as  corn.  It  is  thus  seen  that  the  total  annual  loss 
from  these  insects  becomes  very  great. 
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The  queetiou  at  once  ariaes,  is  there  no  remedy  against 
theee  insect  peats?  Fortunately,  there  is.  The  carbon  bi- 
Bolphide  remedy  has  been  used  with  the  best  of  success 
agftinst  all  kinds  of  insects  infesting  stored  grain  and  ce- 
ittl  products.  This  is  a  cheap  and  efficient  remedy,  and 
when  properly  used  will  give  perfect  satisfaction.  Under 
the  head  of  TREATMENT,  on  page  382,  will  be  found 
complete  directions  for  its  purchase  and  use. 

In  the  following  pages  it  ia  desired  to  give  brief  de- 
aaiptions,  with  the  life-history  of  the  more  important  grain 
insects  to  be  found  in  this  State.  In  most  cases  figures 
are  given  illustrating  the  different  stages  in  their  llfe-his- 
ioTj,  which  ia  hoped  will  greatly  facilitate  their  recogni- 


THE  ANOUMOIS  GRAIN  MOTH. 
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Fig.  1, — Gelechia  cerealella;  Oliv.:  a,  larva;  b,  pupa; 
C female  moth;  e,  e^;  f,  kernel  of  com  showing  larva 
within — all  enlarged  except  f. 

This  insect  is  very  abundant  in  this  State,  and  is  one 
of  the  most  serious  pests  to  stored  grain  that  we  have. 
Several  granaries  which  were  visited  during  the  month  of 
Angost  of  this  year  were  found  to  be  most  badly  infested, 
and  com  stored  the  previous  fall  was  almost  worthless 
from  the  ravages  of  thia  insect  and  the  rice  weevil.  The 
Angomois  grain  moth  is  thought  to  be  indigenous  to  the 
region  of  the  Mediterranean  sea.  It  derives  it^  name  from 
the  French  Province  Angumois,  where  it  was  at  one  time 
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particularly  injurious.  The  earliest  notice  we  have  of  this 
insect  is  in  1736,  when  it  was  noted  by  Reaumur  as  in- 
juring stored  barley  in  France.  In  the  United  States  it 
occurred  in  North  Carolina  as  early  as  1728.  Since  this 
early  date  of  its  occurrence  in  North  Carolina  it  has 
spread  quite  generally  over  the  Southern  States,  where  its 
ravages  are  most  severe.  The  food  of  the  Angumois  moth 
in  America  is  quite  varied,  but  corn  and  wheat  suffer  most 
from  its  ravages.  In  this  State  the  injuries  are  confined 
chiefly  to  corn  and  cow-peas. 

DESCRIPTION. 

The  adult  is  a  small  moth,  having  a  wing  expanse  of 
about  one-half  of  an  inch.  Its  body  and  fore-wings  have 
a  soft,  shiny,  light  gray  color,  while  the  hind-wings  are 
darker  and  bordered  with  a  long,  delicate  fringe.  The 
ventral  surface  of  the  body  and  the  wings  are  darker  than 
the  dorsal  surface,  while  the  legs  are  somewhat  darker 
than  the  body,  the  caudal  pair  being  hairy,  and  provided 
with  spurs.  For  an  illustration  of  the  moth  enlarged,  see 
fig.  1,  c.  The  hair  lines  below  indicate  the  natural  length 
and  wing  expanse. 

The  hrva,  illustrated  in  fig.  1,  a,  is,  when  full  grown, 
nearly  one-fourth  of  an  inch  in  length,  of  a  light  color, 
provided  with  numerous  hairs,  which  on  the  first  and 
last  segments  are  somewhat  longer  than  elsewhere.  In 
general  form  the  body  is  cylindrical,  gradually  tapering 
caudad  from  the  second  segment;  the  head  is  brown. 
Fig.  1,  f,  shows  the  larva  at  work  in  a  kernel  of  corn, 
natural  size. 

The  egg  is  illustrated  at  e,  greatly  enlarged ;  it  is 
somewhat  oval  in  form,  and  of  a  pale  red  color. 

The  pupa  shown  at  b,  is  about  one-fourth  of  an  inch 
long,  brownish  in  color,  with  the  abdominal  region  of  a 
somewhat  lighter  shade. 

LIFE    HISTORY    AND   HABITS. 

The  eggs  are  deposited  on  the  grain,  either  in  the 
field  or  in  the  granary.  They  are  placed  in  the  ears  of 
corn,  between  the  rows  of  seed,  or  at  their  bases  under  the 
thin  membranes.     They  may  be  found  either  singly  or 
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in  clusters  of  twenty  to  thirty.  In 
the  course  of  a  few  days  the  eggs  de- 
velop into  small,  active  larvae,  which 
at  once  eat  into  the  grain,  devouring 
the  starchy  matter,  eventually  leaving 
but  a  thin  empty  shell.  Two,  three, 
or  more  larvae  may  be  found  within  a 
single  kernel  of  com,  but  the  smaller 
cereals  usually  afford  food  for  but 
one.  The  length  of  time  of  the  larval 
stage  is  usually  four  or  five  weeks, 
although  this  varies  somewhat  with 
the  temperature. 

When  the  caterpillar  has  attained 
its  growth  it  bores  a  small  hole  to 
the  exterior  of  the  kernel  to  allow  of 
its  escape  as  a  moth,  and  then  passes 
into  the  pupa  state  within  the  seed. 
The  pupa  state  lasts  from  a  few  days 
to  weeks,  depending  upon  the  tem- 
perature. The  entire  life  cycle  from 
egg  to  adult  is,  in  this  climate,  about 
five  weeks.  The  moths  mate  soon 
after  emerging  from  the  crysalis,  and 
deposit  a  laying  of  eggs.  There 
appears  to  be  no  regular  time  for  the 
appearance  of  the  adults,  as  all  stages 
may  be  found  at  almost  any  time  in 
the  infested  grain.  This  rapid  fecund- 
ity soon  enables  them  to  bring  about 
the  destruction  of  the  grain.  In  the 
Gulf  States  doubtless  as  many  as 
eight  broods  are  raised  each  year. 

Corn  that  has  not  been  husked  is 
much  freer  from  the  attack  of  this 
insect  than  com  that  has  been  husked 
or  shelled. 

Fig.  2  represents  an  ear  of  pop- 
corn showing  the  work  of  this  in- 

J?iui7t«tiS%£l^5  sect.     Grain  may  be  badly  infested 
^^the  Angumois  grain  ^ith  larvsB  and  appear  to  be  sound, 


a*^ 


/,^- 


362 

as  the  excrement  from  the  larvee  may  fill  up  the  small 
holes  through  which  they  entered ;  but  it  may  be  easily 
detected  when  grain  is  infested  from  its  lighter  weight  If 
a  few  seeds  are  thrown  into  water,  the  infested  ones  will 
not  sink  as  will  the  sound  ones, 

TREATMENT. 

■  For  the  treatment  of  this  and  the  other  insects  attack- 
ing stored  grain  considered,  see  the  directions  for  treat- 
ment at  the  close  of  this  bulletin.  Since  the  treatment 
for  the  various  grain  infesting  insects  is  the  same  in  all 
cases,  it  is  useless  to  repeat  it  for  each  species. 


THE  MEAL  SNOUT-MOTH. 


Fig.  3. — Pyralie  farinalis,  Linn.:  a,  moth;  b,  larva;  c, 
chrysalis;  all  natural  size. 

The  meal  snout-moth  is  well  known  in  Europe  where 
it  is  a  great  nuisance.  In  this  country  it  is  gaining  quite 
a  foothold,  and  may  ultimately  become  a  serious  pest 

Like  the  Indian-meal  moth  and  flour  moth  the  lar- 
vae of  this  insect  make  long  tubes,  by  fastening  together 
small  particles  of  food  with  silken  threads  which  they 
secrete.  In  these  tubes  they  live,  feed  and  go  through 
their  transformation.  The  meal  moth  feeds  upon  various 
cereals,  and  their  products.  It  is  said  to  even  attack  straw 
and  hay.  I  am  not  aware  of  the  occurrence  of  this  in- 
sect in  Florida.  It  is  liable  to  be  introduced  at  any  time, 
and  become  of  considerable  trouble. 

DESCKIPTION. 

In  fig.  3,  a,  the  moth  is  shown  natural  size.  The 
general  color  is  light  brown.     The  fore-wings  are  marked 
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OD  their  basal  and  distal  parts  with  patches  of  dark  browu. 
Across  each  fore-wing  are  two  wavy,  whitish  lines. 

The  larva  and  pupa  may  be  seen  in  fig.  3,  b,  and  c; 
d,  illustrates  the  head  of  the  larva  enlarged. 


THE  MEDITERRANEAN  FLOUR  MOTH 


Fig.  4. — EphesHa  ke>ihniella,  Zell.:  a,  moth;  b,  same 
from  the  side;  c,  larva;  d,  pupa,  all  enlarged. 
Tins  insect  first  became  noted  ns  apestin  1877,  wboii 
it  was  found  to  he  doing  mucli  diimage  in  a  Hour  mill  iu 
Germany.  From  (iermany  it  spread  into  Holland  and 
Belgium  and  later  appeared  in  England.  In  1889  it 
appeared  in  the  Dominion  of  Canada.  It  has  recently 
been  reported  from  North  Carolina,  New  Mexico,  Alaba- 
ma, Colorado,  Chile,  and  Mexico.  From  this  it  is  evident 
that  it  is  becoming  quite  generally  distributed.  Although 
it  has  probably  not  yet  appeared  in  this  State,  it  may 
be  expected  any  time. 

DESCBIPTIOS. 

The  aduU  is  a  grayish  colored  moth  having  a  wing 
expanse  of  about  one  inch.  The  foro-wings  are  marked 
with  transverse  black  lines,  as  shown  in  fig.  4,  a.  The 
hind-wings  are  of  a  dirty  white  color  with  adarker  border. 
At  b,  fig.  4,  the  moth  is  seen  from  the  side. 

The  larea  is  worm-like,  about  one-half  inch  long.  The 
head  is  dark  brown,  and  the  body  provided  with  bristle- 
like hairs  as  shown  in  fig.  4,  at  c.     The  chrysalis  is  repre- 
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sented  at  d   fig.  4 ;  e,  shows  an  abdominal  joint  of  the 
larva,  showing  arrangment  of  spines. 

LIFE  HISTORY  AND  HABITS. 

About  five  weeks  are  required  for  this  insect  to  pass 
through  all  its  stages  froin  the  egg  to  the  adult.  In  the 
latitude  of  Washington  there  may  be  six  or  more  gener- 
ations a  year.  In  the  Southern  States,  doubtless  more 
than  this  may  be  raised,  and  it  is  quite  probable  that 
breeding  may  continue  uninterrupted  throughout  the  year. 
In  some  places  where  this  insect  is  known,  it  has  created 
such  havoc  that  it  has  been  called  the  scourge  of  the  flour 
mill.  The  larvae  live  in  silken  tubes  which  they  spin 
through  the  grain  or  flour,  and  it  is  this  habit  that  ren- 
ders them  so  injurious.  These  webs  cause  a  felting 
together  of  the  flour  which  clogs  the  machinery,  causing 
frequent  and  protracted  delays.  This  caterpillar  seems 
to  prefer  flour  or  meal,  but  it  will  also  attack  other  cereal 
products. 


THE  INDIAN-MEAL  MOTH. 
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Yig,  6. — Plodia  interpundeHa,  Huebn.:  a,  moth;  b,  chrys- 
alis; c,  larva;  d,  head  of  larva,  all  enlarged. 

The  Indian-meal  moth  is  another  serious  pest  to 
stored  grain  and  cereal  products  in  this  State. 

The  moths  were  found  to  be  very  abundant  in  the 
granaries  visited  the  present  summer.  They  were  ob- 
served among  the  ears  of  corn  in  considerable  numbers. 
Twenty-six  moths  were  counted  on  the  inside  of  a  barrel 
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that  contained  a  few  inches  of  shelled  corn  on  the  bottom. 
So  far  as  my  experience  goes,  its  ravages  in  this  State  are 
almost  equal  to  those  of  the  grain  moth  and  granary  wee- 
vil. I  have  bred  it  from  flour,  dried  apples^  dried  peaches, 
sweet-corn,  field-corn,  grits  and  corn-meal.  In  the  latter  it 
was  particularly  abundant.  Corn-meal  set  aside  for  a  few 
weeks  becomes  badly  infested.  Besides  the  above  mentioned 
products  which  it  infests,  it  is  recorded  as  infesting  nuts, 
condiments,  sugars,  jellies,  yeast-cakes,  herbs,  roots,  millet, 
all  kinds  of  dried  fruits,  raisins,  prunes,  and  pea-nuts.  In 
fact  it  may  be  said  that  almost  any  kind  of  edible  is  sub- 
ject to  its  attack. 

DESCRIPTION. 

The  aduU  is  a  small  moth  of  the  family  PhycUidm, 
to  which  family  also  belongs  the  Mediterranean  flour  moth 
just  referred  to. 

The  Indian- meal  moth  has  a  wing  expanse  of  about 
five-eighths  of  an  inch.  The  basal  one-third  of  the  fore- 
wing  is  of  a  dirty  white,  while  the  distal  portion  is  reddish 
brown.  The  body  is  rather  stout  for  moths  of  this  group. 
See  fig.  5.  a,  enlarged. 

The  larva,  or  worm,  is  a  small  whitish  insect,  with 
brownish  yellow  head,  living  within  the  silken  tubes 
which  it  spins  through  the  meal,  dried  fruit,  or  other  ma- 
terial which  it  may  infest.  In  fig.  5,  c,  the  larva  is  illus- 
trated much  enlarged.  At  d,  the  head  is  shown,  while  e, 
represents  the  enlarged  first  abdominal  segment,  showing 
the  arrangement  of  the  spines,  which  is  of  great  import- 
ance in  recognizing  this  species  from  others  nearly  allied. 
The  j?ig?a  is  illustrated  at  b;  it  is  seen  to  be  a  capsule 
shaped  body  about  three-eighths  of  an  inch  in  length. 
The  wing-pads  and  antenaa3  are  distinctly  visible  on  the 
ventral  surface. 

LIFE  HISTORY  AND  HABITS. 

The  eggs  are  laid  by  the  moth  in  the  material  on 
which  the  larvse  feed.  The  larvse  spin  silken  tubes 
through  the  food,  and  in  these  they  live  and  finally  un- 
dergo their  transformation.  Infested  meal  becomes  clot- 
ted and    lumpy  from  these   silken   threads  binding  the 


grain  together.  The  life  cycle  from  ^g  to  adult  is  com- 
pleted in  about  one  month,  which  being  so  short,  allows 
of  many  generations  during  the  year.  This  insect  prob- 
ably breeds  continuously  throughout  the  year  in  the 
greater  portion  of  our  State. 


THE  GRANARY  WEEVIL. 


Fig.  6. — Calaiuira  granaria,   Linn.:  a,  adult;  b,  larva;  c, 

pupa;  d,  Calandra  oryza,  &d\i\t.     Hair  lines  represent 

natural  length. 

This  insect  is  doubtless  native  to   the  Moditcrrunean 

region  where  it  probably  was  known   before  the  Cliristian 

era.     Having   been  domesticated    for   so   long  a  time,  it 

has  now  lost  the  use  of  its  wings,  which  are  present  only 

as  rudiments,  and  cannot  function  for  flight.     In  Florida 

the  granary  weevil  is  not  sufficiently  abundant  to  be  the 

cause  of  much  damage.     It  has  been  found  infesting  com, 

cow-peas,  flour,  corn-meal  and  rice. 

DESCRIPTION. 

The  granary  weevil  is  one  of  the  true  grain  weevils 
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of  the  family  Calandridse.  It  is  a  short,  stout-bodied  bee- 
tle, being  about  one-seventh  of  an  inch  long.  The  thorax 
is  marked  with  punctures  arranged  longitudinally  as 
shown  in  fig.  6,  a.  From  the  head  there  projects,  in  front, 
a  long  snout-like  proboscis,  bearing  the  mandibles,  and  a 
pair  of  elbowed  antenna\  The  body  is  hard,  and  of  a  uni- 
form chestnut-brown  color.     See  fig.  6,  a,  enlarged. 

The  larva  of  this  beetle  is  illustrated  at  b,  fig.  6.  The 
pwpa  is  shown  at  fig.  0,  c. 

LIFE    HISTORY    AND    HABITS. 

The  eggs  are  deposited  singly  in  the  grain.  The  fe- 
male punctures  the  grain  with  her  snout,  and  in  this  cav- 
ity places  an  egg.  The  eg^  hatches  into  a  very  small, 
white,  footless  grub,  which  eats  further  into  the  grain,  and 
in  which  it  attains  its  growth  and  completes  its  transfor- 
mation, emerging  as  an  adult.  In  the  smaller  cereals  but 
one  larva  occupies  a  single  grain.  In  a  grain  of  corn 
however,  food  is  found  for  several.  In  the  Southern  States 
six  or  more  broods  are  probably  raised  annually.  Ac- 
cording to  Mr.  Chittenden,  Assistant  Entomologist,  United 
States  Department  of  Agriculture,  the  time  required  for 
the  completion  of  the  life  cycle  from  egg  to  adult  in  the 
lalitude  of  Washington  is  forty -one  days.  The  length  of 
time  of  the  life  cycle  varies  much  according  to  the  season 
and  climate.  The  granary  weevil  is  injurious,  both  in  the 
larval  and  adult  stages. 

Flour  made  from  badly  infested  wheat,  according  to 
Dr.  Riley,  has  been  the  occasion  of  much  suffering,  and 
even  death. 


THE  BIt5E  WEEVIL. 

(Calandra  oryzay  Linn.) 

The  loss  caused  by  the  work  of  this  insect  in  Florida 
equals,  if  it  does  not  exceed  that  caused  by  the  Angumois 
grain  moth.  Together  they  are  responsible  for  the  greater 
part  of  the  injury  done  to  stored  grain. 

The  rice  weevil  takes  this  name  from  the  fact  that  it 
was  first  found  in  rice,  but  the  name  is  rather  misleading, 
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in  that  it  feeds  upon  many  kinds  of  grain  and  cereal  prod- 
ucts. It  is  doubtless  indigenous  to  India,  from  where  it 
has  become  well  distributed  through  commercial  relations, 
to  many  grain-growing  parts  of  the  globe.  It  was  brought 
to  America  from  Europe,  and  it  now  enjoys  quite  a  gen- 
eral distribution  in  this  country,  where  it  is  to  be  found  in 
every  State  and  Territory,  including  Alaska.  Its  ravages 
in  the  North,  however,  are  not  so  severe  as  in  the  South. 

DESCRIPTION. 

The  rice  weevil  bears  a  close  resemblance  to  the  gra- 
nary weevil,  both  in  size  and  appearance.  It  is  somewhat 
smaller,  however,  and  differs  from  it,  in  that  it  is  of  a  dull 
brown  color,  and  in  having  the  wing-covers  marked  with 
a  reddish  colored  spot  on  each  corner  as  shown  in  fig.  6, 
d.  The  thorax  of  this  species  is  densely  marked  with  pits. 
On  the  wing-covers  the  pits  are  arranged  longitudinally. 
As  with  the  granary  weevil  the  head  bears  a  snout,  on 
which  are  born  elbowed  antennae. 

•  The  larvaf  when  full  grown,  is  about  one-eighth  of  an 
inch  long,  footless  and  fleshy,  being  quite  similar  to  the 
larva  of  the  granary  weevil. 

The  pupa  is  whitish,  about  an  eighth  of  an  inch  in 
length,  very  much  resembling  that  of  the  preceding  spe- 
cies. 

LIFB   HISTORY    AND   HABITS. 

In  this  State  this  insect  does  more  damage  to  corn 
than  to  other  cereals.  It  is  to  be  found  in  the  neld  early 
in  August.  But  it  is  when  the  corn  has  been  gathered  and 
housed,  however,  that  the  rice  weevil  does  its  greatest  dam- 
age; here  in  the  warm  atmosphere  it  breeds  rapidly,  both 
larvae  and  adults  sharing  in  the  work  of  destruction.  Eggs 
are  deposited  by  the  female  in  punctures  made  in  the  ker- 
nels with  their  long  snouts.  But  a  few  days  are  required 
for  them  to  hatch  into  grubs.  From  three  weeks  to  two 
months  are  required  for  this  insect  to  pass  through  its  life 
cycle,  depending  upon  the  season.  Corn  infested  with  this 
weevil  has  been  reported  as  injurious  to  stock  when  fed, 
and  it  is  not  improbable  that  meal  made  from  infested 
corn  would  be  seriously  injurious  to  man. 


THE  BEAN  WEEVIL. 


Rg.  7, — Bruchus  obtecius,  Say. :  a,  adult  beetle  ;  b,  in- 
fested bean.  Natural  size  indicated  by  small  figure. 
This  bean  weevil  and  the  four-spotted  weevil  are  both 
quite  abundant  in  this  State,  and  are  frequently  thought 
to  represent  but  one  species.  The  bean  weevil  is  proba- 
bly an  imported  enemy,  and  has  now  become  quite  well 
distributed  over  the  greater  part  of  the  United  States.  As 
early  as  1860  it  was  noticed  that  it  was  attacking  the 
bean-  It  is  a  serious  pest  to  this  crop  in  the  field  and 
when  harvested. 

DESCRIPTION. 

The  adult  is  a  small  beetle  about  one-tenth  of  an  inch 
in  length,  ashy  black,  with  a  slight  brownish  tinge.  The 
body  is  quite  hard  and  somewhat  flattened.    See  fig.  7,  a. 

The  larva  is  a  small,  soft-bodied,  grub-like  insect, 
passiug  its  entire  life  in  the  bean.  An  infested  bean  is 
illustrated  at  fig.  7,  b. 

LIFE    HISTORY    AND    HABITS. 

Recent  observations  by  Prof.  Slingerland  correct  the 
heretofore  accepted  statement  that  the  eggs  of  this  species 
are  deposited  on  the  outside  of  the  pod.  His  observations 
show  that  the  eggs  are  placed  itiside  of  the  pod,  the  adults 
gnawing  a  narrow  slit  along  the  ventral  suture,  through 
which  the  oviftositor  is  thrust  and  the  eggs  deposited.  No 
doubt  the  eggs  are  sometimes  deposited  on  the  outside  of 
the  pod,  but  it  is  probable  that  such  cases  are  accidental, 
and  that  the  eggs  are  frequently  destroyed  before  hatch- 
ing. Several  eggs  may  be  deposited  at  one  place.  In 
about  two  weeks  these  hatch,  and  the  larvs  eat  into  the 
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beans.  Several  may  occupy  one  seed,  but  each  having 
its  separate  cavity.  The  germ  is  rarely  injured,  it  being 
avoided  as  if  it  were  distasteful.  The  larvae  reach  maturity 
in  the  latter  part  of  the  summer,  and  transform  into  pupae 
in  the  fall.  Some  of  the  beetles  emerge  in  the  fall  while 
others  do  not  appear  until  the  following  spring,  when 
they  deposit  eggs  again  in  the  young  and  tender  pods. 

In  stored  beans  the  eggs  are  laid  on  the  outside  of 
the  beans,  loosely  attached.  Man)'  successive  generations 
may  be  raised  in  stored  beans. 


THE  CHINESE  COW-PEA  WEEVIL. 

(Bruchus  chineiisisj  L.) 

This  pest  has  been  reported  as  doing  much  damage 
to  cow-peas  in  this  State.  During  the  late  spring  of  the 
present  year  some  "wormy"  cow-peas  were  received  from 
a  correspondent,  which  proved  to  be  infested  with  the 
Chinese  cow-pea  weevil.  These  were  set  aside  to  await 
development.  On  August  eleventh  it  was  found  that 
sixty-one  beetles  had  been  bred  from  seventeen  small 
cow-peas.  This  indicates  their  fecundity  and  rapidity  of 
development.  The  peas  were  quite  badly  eaten,  as 
many  as  six  and  seven  weevils  having  been  bred  from  a 
single  pea. 

DESCRIPTION. 

The  adult  is  about  one-eighth  of  an  inch  in  length, 
and  quite  robust;  the  wing  covers  are  reddish  brown, 
mottled,  more  or  less,  with  a  lighter  shade,  with  the  pro- 
thorax  and  head  darker.  It  bears  a  general  resemblance 
to  the  pea  and  bean  weevils,  but  the  body  is  stouter. 


THE  FOUR-SPOTTED  BEAN  WEEVIL. 


Fig.  9. — Bruchus  qundrimaciihtiis,  Fn\>r.:  a,  adult;  band 
e,  egg  from  above  and  below  ;  e,  head  of  mature 

larva,  front  view.     All  enlai^ed. 
The  four-spotted   bean    weevil   is  a  common  and 
abundant  pest  iu  many  parts  of  the  Southern  States, 
where  it  does  much  damage.     It  is  an  abundant  pest  in 
Florida  in  many  different  localities.     See  fig.  9. 

LIFE    IIISTOHY    AND    HABITS. 

The  eggs,  when  deposited  on  dried  cow-peas,  are 
placed  on  the  outside,  being  firmly  glued  ou  by  a  thin 
cementing  substance,  which  extends  aruunJ  them  some- 
what The  small  oval  eggs  may  bo  detected  by  the 
unaided  eye.  Larvfe,  after  hatching,  bore  into  the  peas, 
and  begin  to  feed  and  grow.  The  pupal  state  is  passed 
within  the  pea,  and  from  which  the  adult  emerges  and 
deposits  eggs  for  the  next  brood. 
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THE  PEA  WEEVIL. 


Fig.  10. — Bruchus  pisi,  Linn.:  b,  adult;  c,  full  grown  lar- 
va; d,   pupa;  g,   pea  showing  exit  hole. 
All  enlarged  except  g. 

This  small  beetle  is  quite  familiar  to  all  as  the  ''pea- 
bug,"  and  will  be  recognized  as  the  pea  weevil,  from  the 
accompanying  figure.  Originally  confined  to  America,  it 
has  now  become  quite  well  distributed  to  most  parts  of 
the  worid. 

The  garden  pea,  which  fortunately  has  not  many 
insect  enemies,  probably  suffers  more  from  this  insect  than 
from  any  other.  Its  ravages  on  peas  gathered  for  seed  or 
other  purposes  however,  may  fortunately  be  prevented. 

DESCRIPTION. 

The  adultf  shown  in  fig.  10,  is  a  small  beetle,  about 
one-fifth  of  an  inch  long,  rusty  black  in  color,  marked 
with  more  or  less  white  on  the  elytra,  or  wing-covers,  and 
with  a  whitish  spot  on  the  caudal  margin  of  the  protho- 
rax. 

The  larva  is  a  short  fleshy  grub  of  a  yellowish  color, 
with  the  head  black.     See  fig.  10,  c. 

The  eggs  are  very  small,  of  a  deep  yellow  color, 
pointed  on  one  end,  and  quite  blunt  on  the  other. 

The  pupa  is  shown  at  fig.  10,  d.  Fig.  11,  a,  illus- 
trates the  egg  in  its  natural  position  on  the  pod  and  the 
outline  of  tunnel  to  b;  c,  is  a  young  larva  entering  the 
interior  of  a  pea;  e,  first  larva,  greatly  enlarged. 


Fig.  11. — Bruehua  pm:  a,  egg  in  natural  position  on  pod; 

c,  youDg  larva  entering  pea;  d,  points  where  c^b 

have  been  laid  on  pod;  e,  first  larva. 

LIFE  HISTORY  AND  HABITS. 

The  egg?  are  deposited  by  the  adult  female,  india- 
criminately  on  the  young  pods,  soon  after  they  have 
b^;un  to  form.  The  larvse,  hatching  eat  to  the  interior 
and  enter  the  soft  peas  within,  only  one  grub  occupying 
one  pea.  The  embryo  of  the  pea  is  rarely  destroyed  by  the 
grub,  but  the  plant  resulting  from  its  germination  will  be 
feeble,  and  dwarfed. 

When  the  larvse  attain  their  growth  and  are  ready 
for  transformation,  they  eat  a  round  hole  outward  to  the 
shell  of  the  pea,  to  allow  for  their  exit  as  adults,  and  then 
pass  into  the  pupa  state.  Adults  may  emei^e  in  the  fall, 
or  in  the  spring. 

The  result  of  using  weevily  peas  for  seed  should  be 
noted.  Weevily  peas  as  before  stated  are  not  able  to  pro- 
dace  strong,  healthy  vines  from  the  fact  that  the  stored  up 
nourishment  for  the  plantlet  in  its  early  growth  has  been 


destroyed,  and  it  is  hence  unable  to  get  a  strong  vigorous 
start  in  the  soil.  It  is  quite  important  therefore,  that 
peas  selected  for  seed  should  be  free  from  weevils. 


THE  SLENDER-HORNED  FLOL'R  BEETLE. 


Fig,  12. — Echocerus  maxiUosiis,  Fab.:  a,  larva  ;  b,  pupa  ;  c, 

adult;  length  indicated  by  hair  lines. 

The  slender-horned  tiourbeetle  is  quite  generally  dis- 
tributed over  the  Southern  States  where  it  is  destructive, 
feeding  upon  grain,  both  in  field  and  when  gathered.  It 
is  also  destructive  to  cereal  products.  This  insect  is  doubt- 
less indigenous  to  tropical  America.  ■  Its  northern  limit  is 
probably  in  the  region  of  the  Ohio  River. 

KKSCRIPTION. 

The  beetle  is  a  small  insect,  a  httle  more  than  one- 
eighth  of  a  inch  in  length,  bearing  much  resemblance  to 
the  species  of  Triboiiuvi  (tig.  13,  a,)  except  that  it  is 
somewhat  smaller,  and  lighter  in  color.  On  the  head  are 
two  pointed  protuberencea.     See  fig.  V2,  c. 

The  larva  is  also  much  like  the  larva  of  TriboHum. 
The  habits  are  essentially  the  same.  It  is  illustrated,  en- 
larged at  fig.  12,  a.  Fig.  12,  b,  is  an  enlai^ed  drawing  of 
the  pupa. 


LIFE   HISTORY   AND   HABITS. 


The  habits  and  life  history  of  this  insect  is  for  all 
practical  purposes  the  same  as  those  of  the  coDfused  flour 
beetle. 


THE  CONFUSED  FLOUR  BEETLE. 


Fig.  13. — TriboUum  confmum,  Duv,:  a,  adult ;  b,  larva  ;  c, 

pupa;  enlarged. 

The  confused  flour  beetle  probably  does  not  occur  to 
great  extent  in  this  State.  It  is  probable,  however,  that 
before  long  it  will  be  found  among  us  in  injurious  num- 
bers and  hence  is  here  considered. 

DE-SCRI  1>TI0\. 

By  a  study  of  fig.  13,  a,  an  idea  of  the  adult  may  be 
obtained .  It  is  a  minute,  elongated,  reddish  colored  beetle 
of  the  length  shown  by  the  hair  line  at  the  right  of  the 
figure. 

The  larva  and  pupa  are  illustrated  at  fig.  13,  b,  and 
c,  respectively. 

LIFE   HISTORY    AND   HABITS. 

Eggs  are  laid  in  flour  or  other  material  infested, 
which  hatch  into  small  inconspicuous  larvte.     In  the  due 
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course  of  time  the  adults  appear  and  eggs  for  another 
brood  are  laid.  These  insects  increase  with  considerable 
rapidity,  and  soon  bring  about  a  loss  to  the  infested  sub- 
stances. They  impart  to  the  infested  material  a  persistent 
and  disagreeable  odor. 


THE  BUST-BED  FLOUB  BEETLE. 

{Tribolium  ferrugineum,  Fabr.) 

This  insect  is  well  known  in  Europe  as  a  grain  and 
flour  pest.  Dr.  Hagen  records  it  as  also  quite  injurious  to 
the  collection  of  insects  in  the  Museum  at  Cambridge.  In 
the  United  States  it  seems  not  to  have  attracted  much  at- 
tention by  entomological  writers  until  the  last  few  years. 
It  seems  now  to  be  o.n  the  increase,  and  has  already  be- 
come a  pest  of  no  little  significance.  In  Florida  this 
insect  is  quite  abundant,  doing  much  damage  to  all  forms 
of  cereal  produce,  corn,  cotton-seed,  peanuts,  dried  fruits, 
and  like  substances.  It  is  by  far  the  worst  museum  pest 
with  which  we  have  to  deal  here  at  the  Station.  It  at- 
tacks the  herbarium  specimens,  bird-skins,  and  insect  col- 
lection. To  the  latter  it  does  most  damage  ;  presence  in 
the  specimens  is  indicated  by  the  accumulation  of  dust 
beneath,  on  the  bottom  of  the  box.  If  an  infested  speci- 
men be  examined  it  will  be  found  to  be  perforated  with 
.small  holes  which  these  pests  have  made.  They  feed 
upon  the  dried  tissues  within  where  their  larval  and 
pupal  stages  are  passed. 

Unless  an  insect  case  is  exceedingly  tight  they  find 
their  way  inside,  their  flat  bodies  enabling  them  to  pass 
through  very  small  cracks.  Frequent  inspections  of  the 
collections,  and  fumigation  with  carbon  bi-sulphide  is  the 
means  employed  in  keeping  them  in  check. 

DESCRIPTION. 

The  aduU  is  a  small  beetle  of  a  rust-red  color,  being  a 
little  more  than  an  eighth  of  an  inch  in  length.  The 
body  is  greatly  flattened,  and  is  elongated.  The  insect 
bears  a  close  resemblance  to  Tribolium  confumm^  but  it 
diff^ers  from  it  in  that  in  this  species  the  antennsB  end  in  a 
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distinct  club  composed  of  three  segments — (see  fig.  13,  e, 
andf.) 

The  larva  is  about  one-fourth  of  au  inch  in  length,  and 
is  quite  active.  It  is  of  a  whitish  color,  provided  with 
three  pairs  of  legs,  and  with  numerous  hair-like  bristles 
distributed  over  the  body. 

LIFE  HISTORY  AND  HABITS. 

Eggs  are  deposited  by  the  adult  females,  in  the  food 
upon  which  they  feed.  These  hatch  into  minute,  pale 
colored  larvEe  which  when  in  flour,  meal,  and  similar 
prodacts,  are  rarely  detected  on  account  of  their  small 
size.  These  grow  into  full-sized  larvai  which  pupate  and 
give  origin  to  the  adult  beetles.  The  entire  life  cycle  re- 
quires probably  from  thirty-five  to  forty  days.  In  this 
climate  it  is  quite  probable  that  they  breed  throughout 
the  year.  This  insect  will  attack  corn  while  yet  in  the 
field,  doing  damage  before  the  corn  becomes  hard. 


THE  R£D  GRAIN  BEETLE. 


Fig.  15. — CkUhartus  gemellalm 
c, adult;  all  enlai^ed. 


Duv.:    a,  larva;  b, pupa; 


This  small  red  beetle  is  a  pest  of  considerable  impor- 
tance in  the  Southern  States.     It  attacks   com,  peas,  and 
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the  cotton-bollg  of  the  cotton-plaiit  in  the  field,  and  will 
continue  breeding  iu  corn  after  it  haa  been  gathered, 
Specimena  of  this  insect  were  also  found  infesting  bird- 
skins  in  the  college  collection. 

DESCRIITION. 

The  adult  is  a  small,  flat,  reddish  beetle,  measuring 
one-tenth  of  an  inch  in  length.  In  figure  15,  c,  it  is  illus- 
trated much  enlarged.  The  hair-line  to  the  right  indi- 
cates the  natural  length. 

The  larva  when  full  grown  is  about  the  same  length  as 
the  adult.  It  has  a  somewhat  flattened  body,  of  a  whitish 
yellow  color,  with  the  head  brownish.     See  fig.  15,  a. 

LIFE  HISTORY  ASI>  HABITS. 

The  ^gs.  which  are  laid  at  the  base  of  the  grains  of 
corn,  soon  hatcli  into  small  larvte  which  at  once  eat  into 
the  grain.  In  the  course  of  three  weeks  tiie  larvse  be- 
come full  grown,  and  transform  into  pup;e.  This  state 
last  about  two  weeks,  when  the  adults  appear.  These 
insects  are  very  prolific  and  in  infested  corn  stored  away 
in  the  fall,  they  soon  become  quite  numerous.  It  is  prob- 
able that  ei^lit  or  ten  generutiotis  are  reared  annually, 
and  iu  some  portions  of  Florida  breeding  is  pi-obably 
continuous. 


THE  eORX  SILVAXUS, 


-Fig.  16. — Silvanm surinamcTisi^,  Linu.:  a,  adult;  b,  pupa; 

c,  larva. 
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The  saw-toothed  grain  heetle  is  a  small  insect  of  the 
fiimily  Oucujidae.  The  majority  of  the  insects  of  this 
&mily  hve  under  hark  and  are  carnivorous,  both  in  the 
larval  and  adult  stages.  The  corn  Silvanus,  and  some 
others  of  this  family,  however,  feed  upon  grain.  The 
com  silvanus  is  to  be  found  over  almost  the  entire  globe, 
mfesting  granaries,  bams,  dwelling  houses,  grocery 
stores,  and  in  fact  almost  any  place  where  it  may  find 
food.  In  Florida  it  is  very  common  in  flour,  meal,  com, 
dried  finiits,  rice,  and  bread.  It  is  a  common  pest  in  the 
museum  specimens  here  at  the  Station,  and  with  the 
mst-red  flour  beetle  is  responsible  for  much  of  the  dam- 
age done  to  the  entomological  collection. 

DESCRIPTION. 

The  aduU  Silvanus  is  only  about  one-tenth  of  an 
inch  in  length,  with  a  slender,  much  flattened  body  of  a 
chocolate  brown  color.  The  thorax  on  each  side  is  pro- 
vided with  six  teeth-like  projections,  while  the  upper  sur- 
face has  two  shallow  longitudinal  grooves.  Fig.  16,  a., 
represents  the  beetle  greatly  enlarged.  The  hair  lines  to 
the  right  represent  the  natural  length. 

The  larva,  represented  in  fig.  16,  c,  is  a  yellowish 
white,  worm-like  insect  about  one-fourth  of  an  inch  in 
length,  provided  with  three  pairs  of  well  developed  legs. 
It  is  exceedingly  active,  readily  passing  from  one  seed  to 
another  for  food. 

The  pupa  is  illustrated  in  fig.  16,  b,  much  enlarged. 
It  is  a  little  shorter  than  the  beetle,  of  a  yellowish  white 
color,  and  has  spinous  processes  on  both  sides  of  the  thorax 
and  abdomen. 

LIFE  HISTORY  AND  HABITS. 

The  life  cycle  in  this  climate  requires  about  four 
weeks ;  it  is  thus  readily  seen  that  there  may  be  many 
generations  during  the  year.  The  eggs  deposited  among 
the  grain  soon  hatch  and  the  active  larvae  begin  to  feed. 
When  ready  to  pupate  the  larva  constructs  a  protecting 
case  by  jointing  together  bits  of  trash  and  food  material 
with  a  silken  secretion.  In  this  case  the  pupal  state  i  s 
passed,  and  from  which  the  adult  beetle  emerges  later  on. 
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Unlike  the  Angumois  grain  moth  the  adult  of  this 
insect  feeds  upon  the  grain  with  the  larva. 


THE  GRAIN-EATING  BRACHYTABSUS. 

(Brachytarsus  aUematuSy  Say.) 

This  is  an  insect  that  has  not  heretofore  been  re- 
corded as  injurious  to  stored  grain.  The  larvae  of  the 
genus  Brachytarsus  have  been  supposed  to  be  parasitic  on 
scale  insects,  or  Coccids,  but  this  species  has  been  found 
feeding,  both  in  the  larval  and  adult  condition,  on  stored 
corn,  cow-peas  and  English  peas,  and  doing  serious  dam- 
age. The  English  name  of  grain-eating  Brachytarsus  has, 
therefore,  been  given  to  this  species,  indicating  its  grain- 
eating  habits. 

Many  of  the  species  of  the  family  Anthribidaey  to 
which  this  insect  belongs,  infest  seeds,  and  the  stems  of 
plants,  in  their  larval  state  ;  it  is  not  the  cause  of  much 
surprise,  therefore,  to  find  this  species  of  snout  beetle  feed- 
ing upon  various  seeds. 

DESCRIPTION. 

The  aduU  is  quite  a  thick  bodied  insect  of  an  ashy 
brown  color,  and  densely  hairy.  The  wing-covers  are 
marked  with  punctured  lines,  and  a  series  of  gray  and 
black  spots.  These  spots  are  due  to  the  presence  or  ab- 
sence of  the  light  colored  hairs.  It  is  about  one-fifth  of 
an  inch  long. 

The  pupa  is  about  five  thirty-seconds  of  an  inch  in 
length,  whitish,  and  densely  covered  with  short  spine  like 
protuberances.  Rather  long  hairs  are  sparsely  distributed 
over  the  body.  The  head  is  bent  down  on  the  ventral 
surface  of  the  prothorax.  Each  wing-cover  is  marked  with 
two  pairs  of  rather  prominent  lines,  the  lines  of  each  pair 
curving  in  and  meeting  each  other  at  the  distal  extremity 
of  the  wing-cover. 

The  larva  measures  about  three-sixteenths  of  an  inch 
in  length,  is  whitish  in  color,  and  footless.  The  body  is 
quite  robust,  sub-cylindrical  in  shape,  somewhat  flattened 
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on  the  ventral  surface.  The  caudal  end  is  rather  bluntly 
rounded,  the  cephalic  end  tapering  slightly  from  about 
the  third  segment.  Labrum  and  mandibles  yellow,  the 
tips  of  the  mandibles  being  almost  black.  The  body 
is  quite  thickly  covered  with  hairs. 

LIFE   HISTORY    AND   HABITS. 

A  single  larva  only  occupies  the  interior  of  a  kernel 
of  corn,  eating  out  a  broad  cavity  from  the  base  to  the 
opposite  end  of  the  kernel,  where  it  is  usually  enlarged, 
and  a  small  portion  eaten  out  to  the  hull  before  pupating. 
It  would  seem  that  the  larva  enters  the  kernel  at  its  base 
where  it  may  be  more  easily  penetrated.  An  infested 
grain  usually  appears  quite  sound  exteriorly  until  the 
pupal  stage  is  reached  when  the  cavity  may  be  detected 
through  the  thin  hull.  The  adult  escapes  by  gnawing 
through  the  thin  membrane  to  the  exterior.  Immediately 
after  coming  from  the  pupa  state  the  adults  are  reddish 
brown,  not  acquiring  their  final  color  and  activity  for  two 
or  three  days.  Older  specimens  liberated  from  their  cav- 
ities immediately  took  flight;  they  are  surprisingly  quick 
in  the  use  of  their  wings,  and  thus  frequently  escape. 

Adults  kept  in  confinement  fed  readily  on  cow-peas 
and  corn,  showing  no  preference  to  any  part  of  the  seed. 

Eggs  have  not  as  yet  been  discovered,  nor  has  the 
manner  of  ovoposition  been  observed.  Experiments  in- 
dicate that  under  favorable  conditions  the  life  cycle  may 
be  completed  in  five  or  six  weeks.  Breeding  continues 
as  late  as  November  and  probably  throughout  the  winter. 


THE  CATOBAMA  FLOUK  BEETLE. 

(Catorama  punctuhxta,  Lee.) 

This  small  beetle,  which  may  be  called  the  Catorama 
flour  beetle,  is  an  insect  of  considerable  abundance  in 
com,  corn-meal,  and  flour.  It  is  also  quite  destructive  to 
museum  specimens,  particularly  bird-skins  and  insects. 
It  belongs  to  the  Ptinidee,  a  family  of  small  beetles,  which 
feed  mostly  upon  v^etable  matter  in  an  incipient  stage 
of  decay. 
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DESCRIPTION. 


The  beetle  is  about  one-eighth  of  an  inch  long,  body 
rather  elongate,  the  head  being  strongly  deflexed,  and 
when  in  repose  bent  up  on  the  under  surface  of  the  pro- 
thorax.  The  beetle  is  of  a  dark  brown  color,  quite  densely 
and  uniformly  covered  with  light  yellowish  colored  hairs. 


TREATMENT. 


Many  different  substances  have  been  recommended 
at  various  times  for  the  destruction  of  insects  injurious  to 
stored  grain.  Some  of  these  are  of  value  in  a  greater  or 
less  degree.  Others  are  quite  worthless.  Certain  pre- 
ventive measures  that  are  in  practice  in  the  South  seem 
to  be  of  some  value.  Most  farmers  in  Florida  do  not 
husk  their  corn  when  harvested  as  the  husks  offer  consid- 
erable protection  against  lepidopterous  insects,  and  weevils. 
It  is  also  a  common  practice  to  gather  the  corn  and  leave 
it  in  heaps  in  the  field  for  a  few  days  to  allow  the  ants  to 
destroy  the  larvffi  that  infest  it.  Others  leave  an  open 
space  in  the  roof  of  the  crib  so  that  rain  may  enter  and 
thoroughly  wet  the  com,  bringing  about  a  period  of  heat 
that  is  said  to  destroy  the  infesting  weevils  and  larvae, 
doing  no  harm  to  the  corn.  It  is  a  rather  prevalent  idea 
that  certain  varieties  of  grain  are  weevil  proof,  and  in- 
quiry is  sometimes  made  for  definite  information  on  this 
subject.  It  should  be  known  that  there  is  no  variety  of 
grain  that  is  weevil  proof.  However,  the  condition  in 
which  the  grain  is  kept  is  of  some  importance.  In  general, 
unhusked  grain  is  much  freer  from  attack  than  grain  that 
has  been  husked.  Corn  is  much  more  subject  to  attack 
when  shelled  than  when  left  on  the  cob.  Those  varieties 
of  corn  that  have  hard,  flinty  kernels  and  close  fitting 
husks  are  not  so  subject  to  attack  as  other  varieties.  But 
it  is  hardly  profitable  to  discuss  these  various  preventive 
measures  as  we  have  in  carbon  bi-sulphide,  a  remedy  that 
is  effective,  cheap,and  simple  in  its  application.  Carbon- 
bi-sulphide  was  first  recommended  for  use  against  insects, 
on  a  large  scale,  by  Dr.  Riley  in  1879.     Its  use  is  yearly 
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becoming  much  more  general.  Carbon  bi-sulphide  is  a 
chemical  compound  of  the  formula  C  S^j ;  as  the  name 
and  symbol  indicate,  it  is  a  bisulphide  of  carbon.  It  is 
a  colorless  liquid,  having  a  very  strong,  disagreeable  odor, 
and  is  quite  volatile,  vaporizing  at  an  ordinary  temperature. 
It  is  also  highly  inflamable,  and  hence  in  its  use  care 
should  always  be  taken  that  no  fire  of  any  kind  be  brought 
near  it.  A  lighted  match,  lighted  pipe  or  lighted  cigar 
should  not,  under  any  circumstances,  be  brought  near  a 
building  that  is  being  fumigated.  The  fumes  of  this 
compound  are  very  poisonous.  Therein  lies  its  value  as 
a  destructive  agent  against  insects.  The  deadly  fumes  of 
this  compound  enters  their  breathing  tubes  with  the  air 
which  they  breathe  and  quickly  brings  about  their  death. 
The  fumes  are  also  poisonous  to  other  animals,  but  there 
is  little  danger  to  man  from  inhaling  a  small  quantity. 

DIRECTIONS   FOR   USE. 

The  application  of  carbon  bi-sulphide  is  but  a  process 
of  fumigation,  and  in  order  that  the  fumes  may  be  kept 
within  the  bin  or  crib  they  should  be  as  tight  as  possible. 
If  they  are  not  tight  much  more  of  the  compound  will  be 
required.  Bins  may  be  made  much  tighter  by  covering 
them  as  much  as  possible  with  cloths  and  blankets. 
Oil  cloth  and  heavy  canvas  are  excellent.  In  a  moderate- 
ly tight  bin  one  pound  of  the  sulphide  should  effectually 
fumigate  one  hundred  bushels  of  grain.  Several  meth- 
ods are  in  use  for  the  application  of  the  sulphide.  A  ball 
of  cotton  tied  to  a  stick  may  be  saturated  with  the  com- 
pound and  pushed  down  to  near  the  center  of  the  grain. 
By  doing  this,  it  is  believed  that  the  air  becomes  more 
evenly  saturated  with  the  sulphide.  Another  method 
consists  in  pushing  a  long  pipe,  in  which  is  a  tight  fitting 
rod,  down  into  the  grain.  The  rod  is  withdrawn  and 
the  carbon  bi-sulphide  poured  into  the  tube,  and  after 
which,  it  may  be  withdrawn.  But  the  most  effective  way 
of  applying  the  compound,  when  the  bins  are  moderately 
tight,  is  to  pour  the  reagent  in  shallow  dishes  or  pans 
which  may  be  placed  here  and  there  on  the  top  of  the 
grain.  The  compound  being  volatile  rapidly  vaporizes, 
and  being  heavier  than  air,  sinks  and  becomes  thor- 
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oughly  dififused  throughout  the  bin.  Balls  of  cotton  or 
waste  may  be  saturated  with  the  sulphide  and  distributed 
over  the  surface  of  the  grain.  In  case  all  the  insects  are 
not  destroyed  by  one  application,  another  should  be 
made.  Grain  treated  with  the  sulphide  is  not  injured 
for  food  purposes,  or  for  seed.  To  secure  the  very  best 
results  from  the  use  of  carbon  bi-sulphide  a  tight  quaran- 
tine bin  should  be  made,  somewhat  separated  from  the 
other  buildings,  where  the  grain  may  be  subjected  to  a 
thorough  fumigation  before  being  stored  away.  Here  the 
insects  that  have  gotten  into  the  grain  while  in  the  field 
will  all  be  destroyed,  thus  removing  a  serious  source  of  in- 
fection to  the  stored  grain.  Before  a  crib  is  to  receive 
the  harvested  and  fumigated  grain,  it  should  be  thor- 
oughly fumigated  and  cleaned.  All  cracks,  loose  fittings, 
and  holes  should  be  stopped  up  as  well  as  possible. 

Grain  having  been  fumigated  and  placed  in  a  tight 
crib  or  bin  that  has  been  cleaned  will  suffer  but  very  little 
from  the  ravages  of  insects  during  the  year.  Should  they 
become  troublesome  at  any  time  another  application  of 
the  sulphide  should  be  made. 

Peas,  rice,  shelled-corn  and  other  seeds  are  frequent- 
ly stored  in  barrels  or  boxes.  These  may  be  easily  fumi- 
gated by  saturating  a  piece  of  cotton  with  four  or  five 
ounces  of  carbon  bi-sulphide  and  placing  it  on  top  of  the 
seed,  throwing  a  heavy  cloth  over  the  top  of  the  barrel 
to  keep  the  fumes  within.  It  should  be  noted  that  the 
treatment  given  above,  is  for  grain  that  has  been  husked 
or  hulled.  Where  the  grain  is  not  husked  a  somewhat 
larger  quantity  of  the  bi-sulphide  will  be  needed. 

It  is  the  prevailing  custom  in  this  State  to  harvest 
com  unhusked,  on  account  of  the  protection  afforded  by 
the  husks  against  weevils  and  moths.  The  husks,  how- 
ever, interfere  with  the  best  results  that  may  be  obtained 
from  the  use  of  carbon  bi-sulphide,  as  the  fumes  do  not  so 
readily  reach  the  insects. 

The  protection  afforded  by  the  husks  against  grain 
insects  is  far  less  than  the  advantages  gained  by  having 
it  husked  so  that  it  may  be  the  more  thoroughly  sub- 
jected to  the  fumes  of  the  insecticide.     It  is  therefore  re- 
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oommended  that  corn  be  husked  when  harvested,  and 
carbon  bi-sulphide  be  used  to  keep  it  free  from  weevils  and 
other  insects. 

Carbon  bi-sulphide  may  be  purchased  at  drug-stores 
for  twenty  to  thirty  cents  per  pound.  It  may  be  pur- 
chased at  wholesale  rates  in  jfifty  pound  cans  of  Mr.  Ed- 
ward R.  Taylor,  Chemist,  Cleveland,  Ohio,  at  about  ten 
cents  per  pound.  Arrangements  might  be  made  with 
local  druggists,  who  would  order  carbon  bi-sulphide  in 
fifty  pound  cans,  or  larger  lots,  and  who  could  then  afford 
to  sell  it  much  cheaper  than  the  usual  retail  price. 
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THE  PINEAPRLE  AT  MYERS. 


SOIL. 

The  soil  on  which  the  pineapple  is  grown  at  this  station  is 
as  poor  as  any  in  the  slate.  It  is  almost  entirely  destitute  of  the 
elements  of  fertility,  being  about  95  per  cent.  sand.  It  is  under- 
laidwith  hard-pan  at  a  varying  depth  of  from  eighteen  inches  to 
two  and  one-half  feet.  The  top  soil  is  a  dark  grey  sand,  from 
two  to  four  inches  deep;  between  this  and  the  hard-pan  it  is 
white  sand.  The  hard-pan  varies  in  thickness  from  four  to 
eighteen  inches.  Immediately  under  the  hard-pan  is  a  perma- 
nent water  sheet.  The  native  growths  on  this  land  are  pines  of 
medium  size,  short  boiied,  about  twenty-five  to  the  acre;  the 
under  j^owth  is  scrub  palmetto,  known  in  some  sections  as 
*'hog  palmetto." 


PREPARATION  OF  SOIL. 

The  soil  is  all  cleared  of  trees,  stumps,  and  roots,  plowed 
and  cross-plowed  deeply  until  it  is  entirely  free  from  roots,  and 
in  perfect  condition.  Now  spread  broadcast  over  the  land' 
1,000  pounds  per  acre  of  cotton  seed  meal,  or  better,  blood  and 
bone,  and  plow  under  shallow.  Let  the  land  lie  three  weeks 
and  them  plow  into  beds,  running  the  plow  as  deep  as  possible. 
Make  the  beds  ten  feet  wide  and  the  paths  five  feet  These 
paths  really  constitute  broad  shallow  ditches,  so  that  the  water 
may  be  carried  off  immediately  into  large  deep  ditches,  and  so 
prevent  the  beds  from  remaining  too  wet  after  heavy  rains. 
The  main  ditches  at  this  station  are  three  feet  deep,  three  feet 
at  the  top,  one  foot  at  bottom  and  twenty  rods  apart  We  shall 
hereafter  make  them  closer  together. 


PREPARATION  OF  PLANTS. 

In  preparing  the  plants  for  setting  a  few  of  the  leaf  scales 
at  the  lower  end  of  the  plant  should  be  pulled  off.  Embryo 
roots  will  be  seen  on  the  main  stalk  where  these  scales  were 
growing.  Care  should  be  taken  not  to  pull  off  too  many  of  the 
scales  so  that  they  break  into  the  tender  portion  of  the  plant 
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Nothing  is  gained  by  cutting  the  butt  ends  of  the  plants.  I  have 
taken  up  a  great  many  plants  and  have  never  seen  one  with 
roots  coming  from  the  cut  ends.^  The  plants  are  now  ready  for 
setting.  • 


SETTING. 


Stretch  lines  lengthwise  of  the  beds  lo  feet  apart.  Walk 
the  line*  It  may  be  then  taken  up,  and  will  leave  a  plain  groove 
the  length  of  the  bed.  This  gives  the  outside  row.  Then  take 
strips  one  inch  by  three  inches  wide,  with  the  distances  between 
the  rows  marked  on  them.  These  strips  should  be  about  twen- 
ty feet  long.  Lay  one  on  each  side  of  the  bed  just  outside  the 
line.  Now  take  a  board  ten  inches  wide  and  ten  feet  long,  with 
the  distances  between  the  plants  in  the  row  marked  on  it  This 
is  used  to  lay  across  the  {>eds  when  setting  plants  so  that  the 
beds  may  not  become  trodden  down. 

The  plants  should  be  set  only  deep  enough  to  secure  firm- 
ness,— from  one  and  one-half  inches  to  four  inches,  according 
to  the  size  of  plants.  As  to  distances  the  following  are  the  best 
and  give  nearly  equal  results:  18x30,  20x30,  15x36,  18x36. 
These  distances  give  ample  room  for  fertilizing  and  cultivation, 
and  are  almost  equivalent  to  two  feet  each  way.  It  will  take 
about  9,000  plants  to  the  acre.  Large  plants  are  to  be  pre- 
ferred; they  are  less  liable  to  become  sanded,  start  vigorously, 
and  often  produce  good  fruit  in  from  ten  to  fourteen  months. 
Twelve  to  twenty-four  inch  plants  may  be  considered  most  de- 
sirable, but  smaller  plants  may  be  depended  on  to  produce  a 
good  crop  the  second  year.  We  do  not  find  that  the  fact  of  a 
plant  being  crown,  crownlet,  slip,  sucker  or  ratoon  makes  any 
difference  as  to  time  of  fruiting,  but  plants  of  a  given  size  will 
fruit  in  about  the  same  number  of  months  from  setting. 


CULTIVATION. 

The  soil  should  be  kept  well  stirred  and  free  from  wee4s. 
After  the  plants  are  set  no  tool  except  the  scuffle  hoe  should  be 
used.  One  of  triangular  shape  is  best,  the  shank  being  set  ia 
the  center,  as  it  leaves  the  points  free  so  that  the  spaces  between 
the  plants  may  be  worked  with  ease.  The  hoe  should  be  run 
shallow,  not  over  an  inch  deep  in  the  middle  of  the  spaces,  aiid 
only  skimming  the  surface  near  the  plants.  The  roots  of  the 
pineapple  are  almost  immediately  under  the  surface. 
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FERTILIZING. 

At  this  station  the  greatest  success  has  been  secured  by 
fertilizing  often,  say  once  in  two  months,  using  i,ooo  pounds 
per  acre  at  each  application.  This  method  will  require  three 
tons  per  acre  each  year,  and  gives  best  results  on  this  class  of 
land.  The  cost  is  about  one  cent  per  plant  for  the  year.  We 
find  the  following  fertilizing  materials  well  suited  to  the  growth 
of  the  pineapple:  Of  commercial  materials,  blood  and  bone, 
ground  tobacco,  sulphate  of  potash  (high  grade)  and  nitrate  of 
soda  combined  in  proportions  to  give  a  manure  containing  six 
to  7  per  cent  ammonia,  7  to  8  i)hosphoric  acid,  and  8  to  10  of 
potash.  Any  person  may  readily  purchase  the  materials  in  all 
portions  of  the  state.  The  following  mixture  will  be  found  to 
contain  the  ingredients  in  about  the  proper  proportions:  1,000 
pounds  blood  and  bone,  600  pounds  ground  tobacco  stems,  200 
pounds  nitrate  of  soda,  200  pounds  sulphate  of  potash,  90  to  95 
per  cent  The  materials  should  be  placed  on  a  tight  floor  and 
shoveled  over  and  over  until  they  are  thoroughly  mixed. 


APPLYING  FERTILIZERS. 

In  fertilizing  throw  the  fertilizer  in  from  each  side  of  the 
berl.     With    a  little  practice    it  can    be  done  with    the  largest 
plants  so  that  very  little  will  fall  into  the  buds  or  into  axils  of 
the  leaves.     Where  fertilizers  are  allowed  to  fall  into  the  plant 
holes  are  burned  in  the  leaves,  and  the  heart  of  the  plant  often 
is  burned  out.     Never  put  cotton  seed  meal  into  the  bud  of  a 
pineapple  plant.    It  is  very  apt  to  burn  out  the  heart,  and  so  set 
the  plant  back  several  months,  for  the  plant  must  throw  a  suck- 
er before  it  can  fruit.     Of  domestic  materials  fine  well-rotted 
stable  manure  or  fowl  house  manure  spread  on  the  surface  and 
gradually  worked  into  the  soil  will  be  found  to  produce  a  vigor- 
ous plant  growth,  but  should  not  be  depended  on  entirely,  as 
fruit  so  grown  will  not  ship  well,  and  is  liable  to  be  too  acid. 
Ground  tobaci^o  may  be  sown  thinly  and  evenly  over  the  plants. 
The  small  amount  that  would  fall  into  the  bud  will  not  ferment 
to  any  considerable  extent,  and  it  acts  as  an  insecticide.     The 
fertilizer  should  be  worked  into  the  soil  with  the  scuffle  hoe, 
inning  over  the  ground  the  same  as  in  ordinary  cultivation. 
^e  have  not  found  that  the  use  of  acid  phosphate,  when  used  to 
Kmitcd  extent  in  connection  with  other  manures*  was  attended 
'ith  any  evil  results.    But  would  not  recommend  that  it  be  de- 
tudtd  upon  entirely  as  a  source  of  phosphoric  acid. 
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INSECTS  AND  DISEASES. 

The  only  insects  that  have  appeared  on  the  plants  at  this 
station  arc  the  mealy-bug  and  chaff-scale,  and  they  can  be  kept 
in  check  by  spraying  with  a  strong  solution  of  tobacco,  or  with 
sulphur  solution.  Use  i^  gallons  of  sulphur  solution  to  20  gal- 
lons water.  Ground  tobacco  may  be  sown  lightly  broadcast 
over  the  plants  and  is  a  good  preventive,  also  acting  as  a  fertili- 
zer. In  checking  insects  and  diseases  on  pineapples,  as  with  all 
other  plants,  more  than  half  the  battle  is  in  keeping  the  plants 
vigorous. 


BLIGHT  OR  TANGLE  ROOT. 

Of  diseases  we  have  been  troubled  to  some  extent  by  what 
is  termed  "blight."  The  symptoms  of  the  disease  consist  in  the 
drying  or  shrivelling  and  turning  yellow  of  the  leaves,  com- 
mencing at  the  tips  and  gradually  extending  over  the  whole 
plant.  On  examination  the  plant  may  be  found  to  be  rotting  at 
the  base,  or  the  plant  may  not  have  rooted  and  on  pulling  down 
the  lower  leaves  the  roots  will  be  found  to  have  run  around  and 
around  the  body  of  the  plant  under  the  leaves,  hence  this  dis- 
ease is  termed  by  some  "tangle  root."  We  think  blight  and 
tangle  root  are  identical.  When  plants  are  seen  to  be  affected 
it  is  a  good  plan  to  pull  off  some  of  the  lowest  leaves.  This  can 
be  done  readily  by  giving  a  little  twitch  sidewise.  If  the  plants 
show  further  advance  of  the  disease  they  should  be  taken  up, 
trimmed  and  re-set.  They  will  often  recover.  Spraying  with 
sulphur  solution  seemed  to  check  the  disease  here.  The  cause 
of  the  trouble  has  not  been  fully  determined.  The  only  varie- 
ties affected  at  this  station  were  Golden  Queen  and  Smooth 
Cayenne. 


LONG  LEAF. 


"Long-leaf,"  may  be  recognized  easily.  It  consists  in  the 
leaves  of  the  plant  becoming  contracted  and  making  a  very 
slow  growth,  and  is  evidently  due  to  some  untoward  condition 
in  the  soil.  >y  The  affected  plants  at  the  station,  were  in  little  hol- 
lows where,  after  a  heavy  rain,  water  stood  for  some  time.  On 
moving  the  plants  to  higher  ground  many  of  them  developed 
into  healthy  plants.  All  plants  so  affected  were  found  to  be 
very  deeply  set.     The  conclusions  drawn  are  that  by  perfect 
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drainage  and  by  avoiding  very  deep  setting,  the  trouble  may  be 
obviated. 

Care  should  be  taken  in  using  flour  of  sulphur  on  pineap- 
ple plants,  especially  in  the  soil.  A  teaspoonful  put  immediate- 
ly under  and  around  a  plant  at  time  of  setting  will  rot  the  plant 
as  surely  as  it  is  put  there.  Avoid  also  the  application  of  burn- 
ed lime  in  any  considerable  quantities,  as  the  plants  do  not  take 
kindly  to  it 


VARIETIES. 


Red  Spanish  or  Scarlet.  Flesh  white,  rather  fibrous  and 
tart;  weight  i^  to  five  pounds;  flavor  good;  shape  shouldered; 
good  shipper;  grown  in  greater  numbers  than  any  other  variety 
probably  because  the  plants  can  be  easily  procured.  Consider- 
ed by  some  the  best  all-around  pine.  Fairly  prolific  in  slips  and 
suckers. 

Sugar  Loaf.  Flesh  white,  very  sweet  and  tender;  fine  ta- 
ble fruit;  poor  shipper;  shape  conical;  weight  i^  to  four 
pounds;  smooth.  Sells  well  in  local  market.  Fruit  often  rots 
on  the  plant  before  fully  ripe.  Prolific  in  slips  but  not  in 
suckers. 

Black  Jamaica.  Flesh  white,  very  tender  and  juicy,  finest 
flavor, weight  two  to  six  pounds;  shape  columnar;  very  smooth; 
good  shipper.    Prolific  in  slips  and  suckers. 

Prickly  Cayenne.  Flesh  yellow,  tender,  good  flavor;  shape 
shouldered  and  conical ;  fruit  sometimes  larger  at  apex  than  at 
stem  end;  good  shipper;  smooth;  weight  three  to  six  pounds. 
Prolific  in  slips  and  suckers.     Plant  broad  leaved  and  vigorous. 

Smooth  Cayenne.  Flesh  yellow,  tender;  flavor  fine,  very 
juicy;  shape  shouldered;  very  smooth;  good  shipper;  weight 
three  to  nine  pounds.  Prolific  in  suckers,  but  not  in  slips;  we 
only  had  two  slips  from  lOO  plants.  This  no  doubt  is  the  most 
popular  variety  grown,  owing  to  the  fine  appearance  of  its  fruit, 
and  the  smoothness  of  its  foliage,  making  the  plants  very  pleas- 
ant to  work  among.  The  leaves  of  all  other  varieties  are  very 
spiny  on  the  edges. 

Enville,  or  Enville  City.  Flesh  white,  tender,  juicy;  flavor 
pod;  shape  conical,  flattened  at  apex;  multiple  crown;  rough; 
ood  shipper;  weight,  three  to  ten  pounds.  Prpliftc  in  crown- 
ets,  slips,  and  suckers.  The  misshapen  fruits,  and  the  tendency 
o  rot  before  fully  ripe,  form  an  objection  with  ma^iy,  ^  num- 
^  of  specimens  will  be  seen  with  single  crowns,  and,  the  fruit  of 


Red  Spartisb.  Black  Jamaica,  Enville  City,  Smooth  Cayenne, 
Abbaka,  arirf  GoMen  Qtteen.  August  3rd,  the  fnrit  was  cxara- 
fned.     Ehvitte  City  was  unmarketaWc;  Abbaka,  Smooth  Caiy- 
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erme,  Golden  Queen  and  Red  Spanish  commencing  to  spot; 
fihck  Jamaica  in  perfect  condition.  August  7th,  Red  Spanish 
and  Golden  Queen  unmarketable.  August  nth,  Smooth  Cay- 
enne and  Abbaka  unmarketable,  Black  Jamaica  still  in  good 
condition.  August  i6th  Black  Jamaica  softening  and  turning 
brown,  but  on  cutting  was  found  to  be  in  good  eating  condi- 
tion. This  partial  test  gives  the  Black  Jamaica  the  palm  lor 
keeping  qualities. 


PINES  UNDER  SHELTER. 

The  advantages  of  culture  under  shelter  over  the  open  field 
are  numerous.  The  shelter  produces  more  nearly  the  natural 
condidons  under  which  pines  grow,  giving  the  shade  of  the  for- 
est without  having  the  roots  to  contend  with,  there  is  less  waste 
of  manure,  moisture  is  preserved;  plants  are  more  vigorous  and 
the  fruit  is  superior  in  appearance  and  quality;  the  plants  are 
protected  from  heavy  and  cold  winds,  frost,  and  too  great  heat 
of  the  sun.  These  are  some  of  the  advantages  of  the  shed  over 
the  open  field.  The  cost  of  covering  land  is  from  $300  to  $500 
per  acre,  according  to  location  and  cost  of  material. 

The  following  directions  show  one  way  to  build  a  pine 
shed:  The  posts  should  be  eight  feet  long  and  not  less  than 
four  incres  in  diameter  at  the  top. 

The  lumber  for  the  sides  should  be  Jxio  inches  X15  feet 

The  lumber  for  the  top  should  be  fxj  inches  xi6  feet. 

The  lumber  for  the  stringers  should  be  2x6  inches  x  16 
feet- 

The  posts  in  the  outside  wall  should  be  set  7^  feet  apart. 
The  posts  inside  should  be  set,  first  row  from  the  outside,  com- 
mencing always  to  stake  at  the  same  side,  15  feet  apart;  next 
row  set  first  post  7^  feet  from  outside  afterwards  15  feet  apart; 
third  row  15  feet  apart;  fourth  row  74  feet  from  outside  for  first 
post;  and  so  on  through  the  whole  area  to  be  covered.  The 
posts  should  be  set  18  inches  in  the  ground,  dj  feet  from  sur- 
face to  top.  The  stringers  are  16  feet  long,  and  are  set  on  edge 
on  top  of  the  posts,  they  will  lap  a  little  and  should  be  spiked  to 
the  post  and  to  each  other  with  20  penny  spikes.  •  The  sides 
sboifld  be  nailed  on  horizontally,  thus  saving  a  great  deal  of 
sawing,  and  extra  hmiber  for  stringers  that  will  be  needed  if 
the  lumber  is  put  on  vertically.  Th^  slats  for  the  top  should  be 
lapped  <rpcT  each  other  at  the  ends  and  the  nails  driven  through 
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both  at  once.  If  the  slats  are  put  three  inches  apart  half  the 
space  is  covered.  Some  cover  three-fifths  of  the  space,  leaving 
only  a  two  inch  space  between  the  slats. 

Material  needed  to  cover  210  feet  square  or  one  acre,  will 
be  about  as  follows: 

433  posts,  at  10  cents $  43-30 

364  stringers,  2x6  inches  x  16  feet  5824  feet 
Slats  for  top,  1x3  inches  x  16  feet  22050  feet 
Plank    for  sides  1x12    in  x  16   ft     5460  feet 


Total  at  $14  per  M 33334  466,68 


50998 
Cost  of  erecting ,    ....  20.00 


$529.98 

This  is  about  what  it  would  cost  to  shelter  one  acre  at 
Myers,  with  present  cost  of  labor  and  lumber.  In  covering 
large  areas  the  cost  per  acre  would  be  somewhat  less. 


OPEN  FIELD  CULTURE  AND  SHELTERED 

CULTURE. 

In  October,  1894,  some  experiments  were  commenced  to 
determine  whether  the  cultivation  of  the  pineapple  was:  more 
profitable  under  shed  or  in  open  field.  A  shed  covering  one- 
tenth  acre  was  erected,  and  in  it  were  set  826  plants  of  the  fol- 
lowing varieties:  Abbaka,  99;  Prince  Albert,  33;  Black  Ja- 
maica, 22\  Golden  Queen,  99;  Prickley  Cayenne,  33;  Sugar 
Loaf,  88;  Enville  City,  88;  Smooth  Cayenne,  99;  Red  Spanish, 
11;  Queen,  254.  The  plants  did  not  quite  fill  the  one-tenth  of 
an  acre.  Previous  to  setting  the  soil  was  fertilized  with  100 
wheel  barrow  loads  of  scrapings  of  hen  yard  and  horse  barn,  of 
which  the  greater  part  was  sand  of  little  value;  400  pounds  cot- 
ton seed  meal,  and  50  pounds  sulphate  potash,  high  grade.  The 
plants  were  not  injured  by  the  freezes  of  December  and  Febru- 
ary 1894  nd  1895,  and  in  the  summer  of  1895,  45  apples  were 
produced.  After  setting  no  fertilizer  was  applied  until  July 
30th,  1895.  PVom  this  date  on,  the  plants  were  fertilized  every 
two  months,  at  the  rate  of  1,000  pounds  per  acre. 

Some  of  Wilson  &  Toomer's    pineapple     manure  was  used 
.with  good  effect;  also  cotton  seed  mead,  acid    phosphate,  and 
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sulphate  potash  90  per  cent,  blood  knd  bone  and  potash  were 
used.  The  best  resuUs  were  obtained  with  blood  and  bone  and 
potash,  and  Wilson  &  Toomer's  pineapple  nianure.  The  expe- 
riments with  the  mixture  now  being  used,  given  in  foregoing 
pages,  is  giving  very  satisfactory  results  so  far  as  tried. 

In  the  spring  of  1896  the  plants  under  shelter  bloomed 
well,  but  drouth  in  April  and  May,  and  very  heavy  rains  in 
June  caused  a  shrinkage  in  the  size  of  the  fruit  Pines  to  the 
number  of  618  were  gathered  from  the  shed.  Plants  to  the  num- 
ber of  5,250  were  obtained  from  the  shed,  besides  the  original 
stand  of  plants.    The  value  of  the  fruit,  sold  in  the  local  market, 

was / 3  99-42 

Value  of  plants  at  present  prices 416.60 

516.02 
Cost  of  labor  and  fertilizer    for  one-tenth    acre  from 
time  of  setting  to  first  crop 20.00 

Net  proceeds  from  826  plants $496.02 

This  large  return  from  less  than  one-tenth  of  an  acre  is  due 
to  selling  the  fruit  in  local  market,  and  so  saving  transportation 
and  commission,  and  also  largely  to  the  value  of  the  increase 
of  plants.  The  varieties  we  had  under  shelter  were  fine  ones. 
The  demand  for  such  plants  has  been  brisk,  and  our  increase  of 
5,250  plants  would  have  brought  a  larger  sum  in  cash  than 
they  are  credited  with  above.  We  used  the  plants  to  increase 
our  plantation. 

That  such  returns  can  be  counted  on  permanently  and  on 
a  large  scale  no  one  will  affirm,  but  a  net  return  of  from  $300  to 
$500  per  acre  may  be  confidently  expected  on  ordinary  fruit, 
not  including  increase  of  plants,  when  grown  under  cover;  and 
on  the  finer  varieties  much  more. 

The  plants  in  the  open  ground,  set  at  the  same  time  in  the 
fall  of  1894  as  those  in  the  shed,  were  all  frozen  to  the  ground 
in  the  freezes  of  December,  1894,  and  February,  1895.  Not  a 
fruit  was  obtained  from  them  in  1895,  while  those  in  the  shed 
gave  45  fine  fruits  in  1895.  The  pines  in  the  open  ground  have 
been  treated  in-  all  respects  the  same  as  those  under  the  shelter. 
While  from  less  than  one-tenth  of  an  acre  under  shelter  there 
were  obtained  618  pines,  as  above  stated,  from  those  grown  in 
the  open  ground  no  fruit  was  obtained  in  1896.  The  pines  in 
the  open  ground  were  killed  by  the  freezes  of  1894  and  1895. 
They  at  once  began  to  throw  out  suckers,  which  grew  to  fair 
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sized  ptants  during  1895,  and  continued  growing  very  well  in 
1896,  but  did  not  reach  sufficient  size  to  fruit,  while  those  in  the 
shelter  grew  twice  as  fast  as  those  in  the  open,  and  the  fruit  of 
all  varieties  we  have  grown  under  shelter  is  larger  and  in  every 
way  superior  to  that  grown  in  the  open  field.  Those  outsidie 
have  now  a  good  general  appearance,  and  the  coming  season, 
if  it  is  a  favorable  one,  will  give  a  fair  comparison  of  the  two 
methods  of  cultivation  as  shown  in  the  fruit  and  the  increase  of 
plants. 

The  cost  of  labor  and  fertilizer  per  year,  in  the  open  field, 
after  the  first  crop,  would  be  about  $100  per  acre. 

The  cost  of  labor  and  cultivati'on  for  pines  under  shelter  is 
the  same  as  for  those  in  the  open,  after  the  shelter  is  paid  for. 
If  we  charge  one-fifth  of  the  value  of  the  shed  to  each  year's 
crop  for  the  first  five  years,  we  shall  make  the  cost  of  shed,  fer- 
tilizer, and  labor  for  the  sheltered  pines  $200  per  acre  per  year. 
After  the  first  five  years,  the  shed  now  being  paid  for,  the  yearly 
cost  of  an  equal  area  of  pines  under  shed  and  pines  in  the  open 
will  be  the  same. 


COST  OF  LAND  AND  OF  PLANTS. 

The  average  cost  of  land  in  thorough  condition  for  setting 
is  not  far  from  $60.00  per  acre.  This  includes  the  first  cost  of 
land,  and  the  cost  of  clearing.  The  cost  for  work  and  fertilizer 
to  carry  the  plants  to  first  crop  is  about  $200  per  acre.  The 
average  cost  of  the  different  varieties  of  plants  is  as  follows: 
Smooth  Cayenne,  $150  per  M;  Abbaka,  $100  per  M;  Porto 
*Rico,  $100  per  M;  Golden  Queen,  $75  per  M;  Black  Jamaica, 
$200  per  M;  Prince  Albert,  $100  per  M;  Enville  City,  $250  per 
M;  Sugar  Loaf,  $25  per  M;  Red  Spanish,  $8  per  M.  This  list 
includes  only  those  varieties  that  are  generally  cultivated,  and 
the  cost  of  plants  may  vary  in  some  localities  somewhat  from 
the  prices  given  here. 

Wild  land  in  the  vicinity  of  Myers  can  be  bought  at  prices 
varying  from  $1.50  an  acre  to  $20  an  acre.  So  far  as  land  goes 
the  main  cost  of  a  pineapple  plantation  is  in  clearing,  ditching, 
and  the  first  plowings. 


EXPLANATIONS  OF  TERMS. 
In  the  descriptions    of  varieties  the    terms  **rough"  and 
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I.  Often  during  this  period  the  rains  are  excessive.  During 
the  remainder  of  the  year  rains  are  only  moderate,  and  we  have 
week  after  week  of  clear,  sunny  skies,  with  temperature  as 
above  indicated.  The  period  of  greatest  drouth  is  during  April 
and  May.  A  drouth  of  more  or  less  severity  may  be  expected 
at  this  time  each  year.  At  this  time  some  form  of  irrigation 
would  prove  of  great  advantage,  for  in  April  and  May  the  fruit 
is  in  a  critical  condition,  and  if  they  have  plenty  of  moisture  at 
this  time  will  make  very  much  larger  apples. 

CONCLUSIONS. 

J.  Pineapples  can  be  grown  at  a  profit  on  the  poorest  soils 
of  the  west  coast  of  Florida,  if  properly  fertilized. 

2.  The  fertilizer  mixed     by  us  and     used  with  success  on 
pines  has  contained  the  following^:  Six  to  seven  per  cent  of  am- 
monia, seven  to  eight  per  cent  of  phosphoric  acid,  and  eight  to 
ten  per  cent  of  potash.     A  mixture  made  up  of  1,000  pounds  *^*'j    >*j 
blood  and  bone,  600  pounds  ground  tobacco  stems,  200  pounds  **^^^  ^^ 
sulphate  of  potash  90  to  95  per  cent,  has  given  excellent  results,   ij  /•>v  ci  c 
Toomer  &  Wilson's,  (Jacksonville,  Fla.,)  pineapple  manure  has 
given  good  results.     In  soils    destitute     of  humus  a  generous 
dressing  of  well-rotted  stable  manure  scattered  broadcast  and 
plowetl  in  before  setting  the  plants  will  be  of  great  benefit. 

3.  ^Thorough  drainage  is  essential  to  success.  This  drain- 
age may  be  accomplished  by  open  ditches,  three  feet  deep,  and 
ten  rods  apart,  into  which  wide  shallow  ditches  conduct  the 
surface  water.  These  wide  shallow  ditches  may  be  the  walks 
between  the  beds  of  pines. 

4.  The  varieties  in  general  cultivation  as  far  as  we  have 
tested  them  are  valuable  in  the  following  order:  Smooth  Cay- 
enne, Abbaka,  Golden  Queen,  Enville  City,  Porto  Rico,  Black 
Jamaica,  Prickly  Cayenne,  Red  Spanish,  Sugar  Loaf. 

5.  The  ordinary  pineapple  shelter  protects  the  pines 
against  sun,  wind,  and  cold,  so  that  the  plants  fruit  better,  give 
larger  fruit,  the  fruit  is  of  better  quality,  and  the  increase  oi 
plants  is  greater  than  with  pines  cultivated  in  the  open  field. 

6.  To  shelter  pines  costs  from  $300  to  $500  per  acre.  The 
incTreased  income  from  fruit  and  plants  will  more  than  pay  for 
:his  increased  expense. 

7.  In  shipping  long  distances  fhe  keeping  qualities  of  vari* 
cties  are  of  great  importance.  A  single  test  in  the  summer  of 
1896  showed  the  keeping  qualities  of  the  varieties  tested  to  be 
io  the  following  order:  Black  Jamaica,  Smooth  Cayenne,  Ab- 
^^^Oca,  Red  Spanish,  Golden  Queen,  Enville  City. 
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MANUAL  OF  TOBACCO  CULTURE. 


I  shall  direct  attention  first,  to  the  culture  and  treatment  of 
cigar  leaf,  and  then  to  the  culture  and  treatment  of  the  bris^rht 
ping  leaf,  that  being  the  only  type  of  plug  tobacco  that  it  is  ad- 
risable  to  plant  in  Florida. 

SELECTION  OF  SEED. 

I  have  experimented  with  over  twenty  varieties  of  cigar 
leaf  and  have  rejected  all  but  three  or  four,  they  proving  the 
fliost  profitable.  If  the  object  is  to  supply  a  wrapper  and  filler 
equal  to  the  Havana  the  consensus  of  opinion  is  in  favor  of  the 
Vuelta  Abajo. 

If  the  object  is  to  grow  a  crop  of  wrapper  tobacco,  the 
poorer  leaves  of  which  make  only  an  inferior  grade  of  "binder^ 
or  "filler/'  genuine  Sumatra  seed  is  to  be  recommended. 

After  ten  years  searching,  I  have  at  last  found  the  old  cel- 
ebrated ante  bellum,  Florida  Speckled  Wrapper,  that  was  so 
eagerly  sought  for  by  the  Amsterdam  and  Hamburg  leaf  deal- 
ers. But  this  variety  must  not  be  planted  on  any  but  new  gray 
sandy  loam  hammock.  It  grows  too  heavy  and  coarse  on  old 
ands.  It  must  be  topped  as  high  as  possible,  and  cultivated 
▼cry  lightly,  with  hoes  mostly. 

The  so-called  Ma  Nicaragua,  or  Moodie's  Hybrid,  which 
ron  both  Medals  at  the  Centennial  in  Cincinnati  in  '88,  and 
irice  at  other  fairs,  and  was  pronounced  by  a  committee  of  New 
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England  Experts,  as  the  "finest  wrapper  ever  grown  in  the 
world,"  succeeds  only  in  certain  light  hammock  lands,  wbea 
planted  very  early.    It  makes  on  old  land  a  good  filler. 

HOW   TO    DISTINGUISH     PERFECT   FROM    IMPER- 
FECT SEED. 

Put  a  few  seed  on  a  clean,  hot  tin  or  stove,  when  if  the  seed 
are  dead  they  will   quietly  bum  black;  otherwise   they  will  re- 
monstrate, by  an  apparent  endeavor  to  jump  off.    If,  howeve*, 
only  a  few  complain  of  the  intense  heat,  double  the  quantity  to 
be  sown  on  the  bed.    But  better  get  fresh  seed. 

TIME  TO  SOW  SEED. 

In  the  northern  counties  of  Florida  sow  the  first  beds  of 
Vuelta  Abajo  from  the  ist  to  the  15th  of  January;  then  sow  one 
or  more  beds  every  week  or  two  till  the  last  of  February,  to  in- 
sure a  sufficiency  for  a  large  crop.  It  is  not  safe  to  rely  on  on« 
seed-bed.  Further  south  seed  may  be  sown  earlier,  the  object 
being  to  transplant  just  as  soon  as  danger  of  late  spring  frosts 
is  past,  for  tobacco,  like  tomatoes  or  other  vegetables,  should  b« 
in  the  field  as  soon  as  saf€  from  frost.  Sumatra  seed  should  not 
be  sown  as  early  by  three  weeks, — it  being  a  later  variety. 

LOCATION  AND  PREPARATION  OF  SEED-BEDS. 

Select  a  rich,  moist  place,  as  near  as  possible  to  water,  and  if 
sloping  to  the  south  the  better;  not  one  much  shaded — must 
have  sunlight.  On  the  nature  of  the  seed-bed  soil  depends  tht 
nature  and  worth  of  the  plant.  It  must  be  borne  in  mind  that  fo- 
liage and  not  fruit  is  the  objective  crop.  If  seed  are  sown  on 
very  light  sandy  loam,  dry  and  thirsty,  the  roots  will  descend 
into  the  ground  for  moisture,  and  there  will  be  no  surface  lateral 
rootlets,  but  only  a  long  "tap-root"  with  very  few  brancbeA* 
On  such  a  plant  the  leaves  will  be  short  and  very  far  apart  like  a 
mullein  stalk.  Whereas,  the  seed  sown  on  moist  and  closely 
compacted  land  will  produce  stocky  seedlings  with  abundant 
surface  rootlets,  which  will  develop  an  umbrageous,  spreading 

plant,  with  abundant  and  more  valuable  foliage. 
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Virgin  soil  is  better  for  the  seed-bed  than  old  land,  unless 
the  old  land  has  been  mulched  the  previous  summer,  thereby 
destroying  much  of  the  seed  of  grass  and  weeds,  which  is  the 
chief  object  of  burning  the  ground.  Thorough  mulching  also 
restores  measurably  the  virgin  properties  to  old  soil  Cold 
frames  and  hot  beds  are  sometimes  used. 

It  is  important  to  bum  the  seed-bed  well,  in  the  following 
manner:  rake  off  leaves  and  trash,  lay  green  poles  four  to  six 
feet  apart,  pile  on  brush  uniformly  for  kindling  if  you  have  it 
convenient  Tlien  throw  on  heavy  sticks  of  wood  at  right  an- 
gles, with  old  rails  or  dry  wood  between,  across  the  poles  or 
skids,  which  serve  to  elevate  the  burning  wood,  admitting  of  ox- 
ygen to  support  free  combustion  immediately  over  and  near  the 
surface.  After  the  smaller  wood  has  been  burned,  with  a  long- 
handled  hoc  or  hook,  draw  the  remaining  large  pieces  to  the 
margin,  and  so  extend  the  area  of  the  bed.  When  it  has  cooled, 
dig  up  closely,  leaving  the  ashes  on  the  ground,  being  careful 
not  to  turn  the  burnt  surface  upside  down.  Do  not  plow.  Then, 
with  prong  hoe  and  rake,  remove  all  roots  and  small  stumps  and 
level  the  surface  nicely,  raising  it  about  six  inches  on  the  mar- 
gin by  a  small  ditch  to  carry  off  surplus  rain.  Apply  four 
quarts  of  any  good  commercial  fertilizer  per  square  rod  and 
rake  in. 

QUANTITY  OF  SEED  AND  HOW  TO  SOW. 

One  heaped  tablcspoonful  of  good  fresh  seed  to  fifty  square 
yards,  mixed  thoroughly  into  a  half  gallon  of  corn  meal  or  white 
ashes,  so  as  to  see  when  the  ground  is  well  seeded.  Better  to 
mark  off  spaces  with  a  stick  about  four  feet  wide.  Sow  with 
thumb  and  two  fingers,  when  no  wind  is  blowing,  and  leave  a 
Kttle  to  sow  across  the  other  way  to  insure  uniform  stand.  Don't 
rake  the  seed  in  as  ^me  will  be  too  deep,  but  rather  use  a  long, 
stiff  switch  and  sweep  lightly,  and  then  with  a  pair  of  quickly 
extemporized  snow-shoes  (made  by  nailing  a  strap  for  the  foot 
on  a  piece  of  board  lo  by  12  inches),  tramp  the  bed  over  evenly. 
Leave  the  margin  slightly  raised  to  run  off  surplus  water. 

for  protection  from  frosts,  cold  winds,  flea  beetles,  etc.,  it 
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is  safer  to  cover  with  thin,  cheap  cotton  cloth.  This  also  se- 
cures greater  uniformity  of  moisture  and  temperature.  While 
covering  of  straight,  leafless  brush  may  sufHce,  the  canvas  is  far 
better,  for  it  will  insure  earlier  plants.  But  the  canvas  must  be 
removed  at  least  ten  days  or  more  before  the  time  of  transplant- 
ing, otherwise  the  plants  would  be  too  tender.  Always  aim  to 
have  twice  as  many  plants  as  you  need 

THE   KIND   OF   LAND    BEST  ADAPTED   TO   CIGAR 

LEAF. 

There  is  no  longer  any  question  that  new,  gray  hammock 
of  sandy  loam  is  the  best;  and  if  bright  wrapper  is  wanted,  even 
this  should  have  a  yellow  or  light-colored  subsoil,  either  clay  or 
sand,  the  latter  being  preferable  for  growing  leaf  of  the  finest 
texture.  But  any  good  sandy  loam  in  Florida,  if  not  too  wet, 
may  produce  good  cigar  tobacco,  if  not  impregnated  with  the 
limestone  (Tertiary)  of  north  and  west  Florida,  or  with  clay  in 
the  surface. 

As  in  the  mineral  kingdom,  the  most  precious  metal,  gold» 
is  never  found  disassociated  from  silica,  (sand),  so  in  the  vege- 
table kingdom,  the  finest  qualities  of  texture  aroma,  flavor,  etc., 
are  only  to  be  produced  from  silicious  (sandy)  soils,  unmixed 
with  the  baser  calcareous,  ferruginous,  and  argilaceous  ele- 
ments, i.  e.,  lime-stone,  iron  and  clay.  However,  if  a  sub-stra- 
tum of  clay  occurs,  one  foot  or  more  below  the  surface,  it  is  no 
disadvantage,  but  may  be  a  mechanical  benefit,  in  supporting 
moisture. 

It  is  also  a  fact  that  the  finest  cigar  leaf  in  the  world  it 
grown  only  on  tropical  and  semi-tropical  Islands  and  Peninsulas 
e.  g.»  Cuba,  Sumatra,  Florida,  etc,  where  much  of  the  make  up 
of  the  soil  is  marine  drift,  and  the  climate  is  warm  and  humid, 
for  it  is  known  to  experts  in  cigar  leaf  that  it  requires  a  humid 
atmosphere  from  the  seed  to  the  cigar  and  the  reverse  is  deleteri- 
ous, and  if  continuous,  is  ruinous. 

NATURAL  INDICATIONS  OF  aCAR  LEAF  LANDS. 

Without  proper  soil,  climatic  conditions  and  environment 
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the  best  results  need  not  be  expected.  There  are  fortunately  a 
few  easily  recognized  natural  indications  that  will  not  mislead. 
Where  there  are  flowing  springs  of  pure  soft  water,  lime-stone,  of 
course  is  not  present,  or  the  water  would  be  hard.  Again 
the  indigenous  growth  of  the  virgin  forest — ^the  chinquepin, 
chestnut,  hickory,  beech,  dogwood  and  oak  indicate  the  best  ci- 
gar tobacco  lands,  as  well  as  the  best  bright  plug  wrapper. 

PREPARATION  OF  THE  LAND. 

It  should  go  without  saying  that  new  ground  should  be 
broken  both  ways  with  the  "jumping  coulter,"  with  a  blade  in 
front  to  cut  all  roots  possible,  and  that  the  roots  should  be  rak- 
ed and  burned  on  the  land.  That  virgin  soil  produces  the  very 
highest  results  in  quality  cannot  be  gainsaid.  But  if  old  lands 
are  to  be  used  they  should  be  thoroughly  mulched  the  summer 
before  with  a  heavy  crop  of  pea  vines,  which  not  only  clothe  the 
soil  as  with  a  garment  to  protect  it  from  the  sun,  but  absorb  and 
husband  the  nitrogen  and  carbonic  acid  from  the  air,  imparting 
it  and  other  virgin  properties  to  the  soil.  Lands  thus  treated 
should  not  be  plowed  until  February,  then  with  a  two-horse 
plow,  with  a  rolling  coulter,  turn  under  the  vines.  It  is  better  to 
run  a  cutaway  or  disc  harrow  over,  to  cut  up  the  vines  or  other 
trash  before  plowing  under.  Let  the  land  remain  rough  till  a 
few  days  before  the  plants  are  ready  to  set;  then  dress  with  the 
cutaway  or  disc  harrow,  and  lay  off  rows  3i  feet  apart,  {or  Vuel- 
ta  Abajo,  and  four  feet  apart  for  Sumatra  and  old  Florida,  and 
make  a  slight  ridge  if  the  plants  are  to  be  set  by  hand,  and 
knock  off  same  with  a  board-plow  or  hoe,  and  set  plants  12  to 
20  inches  apart,  according  to  variety  of  leaf  and  strength  of  soil. 
If  a  transplanting  machine  is  to  be  used,  which  I  always  use 
when  stumps  are  out  of  the  way,  the  land  should  be  rolled  or 
dressed  with  a  harrow,  float  or  brush.  The  machine  marks  oft 
the  rows.  There  are  some  good  machines  for  transplanting, 
notably  the  Betnis,  made  at  Dayton,  Ohio.  Also  some  cheaper 
ones  claiming  merit 
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WHAT  FERTILIZERS  MAY  BE  SAFELY  USED. 

Commercial  fertilizers,  as  a  rule,  must  be  avoided  in  cigar 
leaf  tobacco,  for  unlike  plug  tobaccos,  this  must  have  at  least- 
four  essential  qualities,  to-wit:  flavor,  texture,  uniform  color 
(without  white  veins  or  calico  spots),  and  last,  but  not  least,- 
burning  quality.  It  may  have  all  of  the  former  in  the  highest  de- 
gree, and  without  this  burning  quality,  be  utterly  worthless  for  • 
cigar  purposes.  A  cigar  requiring  two  men,  one  to  smoke  and 
the  other  to  hold  the  torch,  would  not  be  in  demand.  Ordinary 
commercial  fertilizers  contain  saline  properties,  preventing  a 
irpie  bum,  or  still  other  deleterious  slaughter  house  properties^ 
Affecting  the  aroma  or  uniform  color.  That  fertilizers  should  be 
used  with  great  caution  may  be  demonstrated  by  the  use  of  Ger- 
man kainit,  which  prevents  burning  altogether;  or  hog-pen, 
''night  soil,"  or  goat  manures,  giving  the  '*aroma"  (?)  of  a  pole 
cat  to  the  cigar.  So  it  appears,  from  the  foregoing,  that  all  ef- 
forts to  enrich  the  soil  should  be  made  with  the  sole  view  of  re- 
storing the  original  properties  of  the  virgin  soil,  which,  of  course, 
were  mainly  from  vegetable  sources.  This  is  helped  by  shading 
and  mulching  which  acts  mechanically  to  generate  humus,  ab- 
sorb and  husband  nitrogen,  etc.,  as  well  as  to  prevent  the  sun 
from  evaporating  these  from  the  soil. 

HOW  TO  APPLY  FERTILIZERS. 

Whether  broadcast  or  in  drills  is  the  question  often  asked. 
Unless  the  manure  is  well-rotted  and  pulverized,  broadcast  is  the 
better  way.  But  never  use  stable  or  barn-yard  manure  on  cigar 
land,  unless  the  soil  is  sterile,  and  then  only  a  light  dressing 
broadcast.  This  is  given,  not  to  feed  the  plants,  but  for  the  pur- 
pose of  inoculating  the  soil  with  nitrifying  bacteria  by  whose 
agency  the  sterile  soil  is  quickened  and  enlivened.  If  strewn  in 
the  row  distribute  with  a  bull-tongue  plow  or  pitchfork,  so  as  to 
prevent  "caking"  or  drying  up  the  plant,  of  which  there  is  no 
danger  if  scattered  broadcast  When  crushed  cotton  seed  or  cot- 
ton seed  meal  is  used,  first  prepare  the  land  well,  lay  oi¥  the 
cows,  (3^  feet),  then  scatter  broadcast  and  throw  two  furrows  on 
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the  row,  then  what  remaini  outside  will  be  worked  up  in  contact 
with  the  roots. 

HOW  MUCH  FERTILIZER  PER  ACRE? 


In  New  England  two  or  three  tons  of  {ertilizers  per  acre 
^osed,  and  they  get  i»200  or  2,000  pounds  of  tobacco  per  acre, 
which  can  be  done  just  as  readily  in  Florida  with  the  same  liberal 
-application  of  manure  and  the  same  type  of  tobacco. 

TRANSPLANTING. 

When  plants  are  three  to  six  inches  high,  they  are  ready  to 
'1>e  put  out,  in  the  same  manner  as  cabbage,  fifteen  to  eighteen 
inches  apart  in  the  rows,  which  are  3^  to  4  feet  apart  If  a 
*'peg"  is  used,  let  it  be  short  and  blunt,  and  don't  make  a  hole 
-deeper  than  the  plant  is  to  be  put  in,  and  press  the  dirt  closely 
against  the  roots  and  not  the  stem.  The  plant  should  be  put  in 
nearly  up  to  the  bud,  however  long  it  may  be,  for  it  cannot  do 
well  on  stilts.  In  order  to  make  fine  texture  the  land  must  be 
rich,  and  the  plants  crowded  fifteen  to  eighteen  inches,  and,  if 
new  seed  from  Cuba,  even  ten  to  twelve  inches  apart  in  the  row, 
so  that  there  will  be  10,000  to  12,000  plants  set  out  to  an  acre» 
Plug  tobacco  should  be  set  2^  to  3  feet  apart,  in  3I  feet  rowa^ 
and  land  should  be  very  rich.  It  is  impossible  to  make  tobacco 
of  fine  silky  texture  without  crowding  the  plants.  Follow  in 
three  days  with  a  basket  of  strong  plants  and  a  bucket  of  water^ 
if  need  be,  in  order  to  secure  a  perfect  stand  at  once,  for  when^ 
ever  there  are  missing  places  the  plants  on  the  border  thereof 
are  apt  to  be  thick  and  leathery. 

CULTIVATION  OF  THE  PLANT. 

About  ten  days  after  transplanting,  go  over  with  the  hoe, 
carefully  removing  the  grass  from  near  the  plant,  drawing  the 
•oil  a  little  around  it  The  sweep  and  cultivator  are  the  best 
plow  to  use  in  cultivating,  where  there  are  no  stumps.  The 
borse-hoe  ia  the  best  implement,  and  is  used  in  all  the  seed-leaf 
states.  (Made  by  Morgan  &  Bra,  West  Springfield,  Mass). 
Cultivate  the  plants  while  young  with  plow  and  hoe,  working  the 
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soil  always  to  the  plant,  and  lay  by  with  a  hoe  in  the  same  man- 
ner to  keep  plants  from  blowing  down,  and  cease  to  cultivate  af- 
ter it  has  all  been  topped,  as  too  much  plowing  and  cultivating^ 
will  sometimes  make  it  too  thick  and  leatheiy,  for  the  chief  aim 
in  cigar  leaf  wrappers  should  be  to  make  the  greatest  possible 
number  of  leaves  to  the  pound.  Three  hundred  perfect  leaves  to 
the  pound  would  better  be  worth  $i  per  pound  than  loo  leaves 
30  cents.  Cigar  leaf  should  not  be  plowed  as  much  as  plug  leaf, 
as  plowing  makes  it  heavier,  as  the  roots  are  pruned  more  than 
by  hoeing.  Aim  to  make,  if  possible,  every  leaf  a  perfect  wrap- 
per, as  wrapper  leaves  are  worth  more  than  three  times  as  much 
as  imperfect  leaves  or  fillers. 

WORMING, 

The  cut-worm  will  appear  soon  after  transplanting,  some- 
times the  next  day.  The  most  effectual  remedy  is  Paris  green. 
Mix  one  tablespoonful  with  a  gallon  of  com  meal  or  flour,  and 
sprinkle  the  plants,  using  a  perforated  tin  can  as  a  pepper  box. 
Mix  the  Paris  green  and  meal  twenty-four  hours  before  using. 
The  bud-worm  appears  next  Use  Paris  green  in  the  same  way. 
There  is  no  other  known  way  of  destroying  this  most  pestilent 
enemy,  and  he  must  be  anticipated,  for  a  hole  the  size  of  a  pin- 
head  will  grow  to  the  size  of  a  dollar,  hence  the  worm  must  be 
poisoned  in  infancy.  The  horned  worm  appears  first  about  the 
first  or  middle  of  May.  This  is  the  first  brood  to  be  dreaded, 
but  not  so  serious  as  the  next,  which  does  not  appear  in  Florida 
till  about  the  full  moon  in  July,  by  which  tirjie  I  aim  to  have 
most  of  the  tobacco  safely  housed.  The  best  remedy  for  this 
great  adversary  to  the  tobacco  crop  is  cobalt  dissolved  in  honey 
or  syrup,  diluted,  putting  a  few  drops  into  some  jimson  (James- 
town or  stramonium)  blossoms  placed  around  the  border  of  the 
field  about  sunset,  on  small  pieces  of  board  with  a  few  holes» 
nailed  on  sticks  three  and  a  half  feet  high.  One  moth,  "tobacco 
fly,"  destroyed  thus  would  deposit  some  450  to  500  eggs,  which 
hatch  in  about  seventy-two  hours.  It  requires  twenty-one  daym 
for  the  homed  worm  to  mature,  when  it  goes  into  the  ground  to 
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come  forth  again  in  twenty-one  days  (in  summer)  another  moth 
to  perpetuate  her  posterity. 

INSECT  AND  OTHER  FRIENDS. 

The  common  wasp,  dirt-dauber,  yellow  jacket,  hornet,  etc, 
are  the  best  friends  of  the  tobacco  grower.  I  have  estimated 
that  o^e  red  wasp  would  earn  fifteen  cents  daily  in  a  tobacco 
patch.  By  all  means  foster  and  care  for  them,  but  do  not  trust 
them  to  take  all  the  worms  off.  You  must  imitate  the  early  bird, 
amd  catch  the  worm  before  the  noon  sun  drives  him  to  a  hiding 
place.  I  have  learned  not  to  use  torch  fires  at  night  to  destroy 
moth,  as  more  of  our  friends  than  enemies  may  be  destroyed 
thereby. 

Were  it  not  for  our  friends  among  the  insects,  birds,  toads, 
etc,  we  would  have  no  crops  often.  But  there  are  more  that  be 
for  us  than  against  us.  We  must  learn  who  are  our  friends  and 
cultivate  their  acquaintance,  not  make  war  upon  them.  Besides 
those  cited  above  I  will  introduce  to  the  grower  more  of  the  ene- 
mies of  the  homedworm.  One  is  a  steel-colored  fly,  (Ichneumon) 
little  larger  than  the  house-fly,  which  deposits  its  eggs  in  the 
back  of  the  worm,  causing  the  worm's  death,  and  the  production 
of  a  new  brood  of  flies  to  prey  on  other  worms.  The  mocking 
bird,  the  sparrow  and  some  other  birds,  domestic  fowls,  toads, 
lizzards,  etc.,  are  our  very  good  friends  in  the  war  against  in- 
sects. Toads  are  especially  valuable  as  they  work  at  night  when 
the  sly  cut-worm  comes  out  to  cut  ofT  the  plants.  It  would  pay 
to  offer  the  boys  a  price  for  every  toad  they  will  bring  you,  then 
turn  the  toads  loose  in  the  tobacco  patch.  Ducks  are  also  de- 
structive to  cut-worms,  as  they  sometimes  dig  them  out  There 
is  also  a  slender  green  cricket,  (Oecanthus  niveus),  about  an 
inch  long,  resembling  somewhat  a  green  grasshopper,  but  more 
slender,  which,  being  more  carnivorous  than  herbivorous,  feed 
largely  on  larvae  and  moth  eggs,  and  though  like  some  other  of 
our  friends  they  take  a  chew  of  tobacco  occasionally,  they  pay 
well  for  it  by  their  valuable  services. 

TOPPING  AND  SUCKERING. 
As  soon  as  the  blossom  appears  well,  break  it  off,  leaving 
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Never  cut  tobacco  while  the  deW  «r  raia  drops  remain  on 
the  leaves,  as  black  spots  will  result  I  prefer  to  cut  in  the  after- 
noon, as  the  sun  is  getting  weaker,  for  in  the  forenoon,  unless 
cknidy,  there  is  danger  of  sunburn,  which  will  result  in  ten  min- 
trtcs  just  before  noon.  Before  and  after  the  plant  is  cut  be  care- 
ful to  remove  every  worm,  as  they  will  destroy  the  tobacco  tl 
taken  into  the  bam,  i.  e.,  cigar  leaf  to  be  air-cured.  If  the 
gnnmd  has  not  been  cultivated  for  two  or  three  weeks  before 
cutting,  there  will  be  a  nice  carpet  of  young  grass  on  which  to 
hy  the  tobacco  when  cut;  don't  lay  it  down  in  the  sand  or  dirt — 
•elect  a  shaded  g^ssy  place  and  after  it  has  wilted  so  as  not  to 
break,  lay  it  very  carefully  on  the  straw  on  the  floor  of  the  wagon, 
indwhen  a  medium  load  is  on,  cover  with  a  sheet  or  some  weeds, 
ioasto  protect  it  from  the  sun  while  enroute  to  the  bam,  where  it 
must  be  placed  on  some  straw  or  a  mg  very  carefully,  till  the 
hand  who  must  remain  there  has  speared  it  on  the  laths  and  put 
it  closely  up  on  the  bottom  tier  poles  where  it  may  remain  till 
next  noonday,  when  it  should  be  carried  up  and  adjusted  on  the 
upper  tier  poles.  It  should  be  put  about  six  inches  apart  on  the 
hths,  and  they  about  seven  or  eight  inches  apart  on  the  poles. 

CIGAR  TOBACCO  BARN3. 
All  bams  should  be  convenient  to  the  tobacco  field.  For 
cigar  leaf,  never  build  one  less  than  thirty  feet  wide  and  sixteen 
feet  high  at  the  sides,  and  as  long  as  you  please.  Yon  cannot  safe- 
lylet  tobacco  remain  on  the  bottom  tier  poles  in  this  climate,  as  it 
would  be  liable  to  mould  in  wet  weather.  A  bam  thirty-two  by 
fifty,  with  sixteen  feet  posts  and  siding,  is  sufficient  for  five  acres, 
ordinarily.  The  first  cutting  may  often  be  stripped  and  boxed  to 
make  room  for  the  last  cutting,  as  it  will  do  to  strip  in  thirty-five 
to  forty  days  if  not  very  large.    The  tier  poles  should  be  ten  to 

twelve  feet  long. 

Pine  poles  four  or  five  inches  in  diameter,  removing  the 
c  with  drawknife,  make  the  best  poles,  and  even  good  rafters. 
I  posts  should  be  4x6,  if  sawed,  and  put  on  sills,  which  is  the 
:  on  the  outside.  The  two  rows  on  inside  (for  there  should  be 
r  rows  of  posts  to  have  three  spaces — ^a  drivewsry  in  the  mid- 
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die)  may  be  cut  from  the  pine  or  cypn 
a  block,  or  4x4  studs  or  sills.  The 
twenly  feet'  long  to  give  pitch  or  slope 
should  project  twelve  to  eighteen  incl 
The  roof  must  be  ventilated  at  the 
hot  air  to  escape,  otherwise  the  tob 
burn"  near  the  roai.  The  laths  s) 
two  inches  lonj; — poles  four  feet  api 
half  feet  one  abcive  the  other — the  I 
half  feet  from  the  ground  floor.  \\  ind 
tween  each  post,  which  should  be  eight 
be  as  long  as  possible  and  the  width  ol 
or  thirty-five  inches  wide  and  eight  or 
strap  hinges  on  top  to  pn«h  init  at  bottf 
every  dry  day  while  tobacco  is  hanging. 
Barns  for  curing  plug  tobacco  may 
twenty  feet  high,  and  daubed  with  clay, 
tv.'entyby  thirty, and  twenty  feet  high,  ne 
including  the  furnace  and  flue  pipes.  C 
is  sufficient,  as  the  tobacco  may  be  cu 
and  removed  to  the  stripping  barn,  wh 
or  "ordering  room"  neat'  or  under  the  s 

STRIPPING  AND  BC 
Cigar  tobacco  is  ready  to  strip  fro 
all  the  green  has  disappeared  from  the 
stem  of  the  leaf  is  cured.  By  opening 
July  and  August  in  Florida  the  tobacco 
every  morning,  when  enough  should  be 
to  last  the  strippers  for  one  day.  Begi 
three  on  four 

GRADES  OF  CIGAR  ] 

First,  wrappers  (perfect    leaves);  s< 

perfect  leaves);  third,  filler  (ragged  and  s 

fourth  grade  should  be  the  trashy  lea^ 

should  not  be  included  with  the  crop. 
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gnde  die  benefit  of  the  doubtful  leaf.  The  best  plan  is  to  take  off 
all  the  imperfect  leaves  first,  leaving  those  with  apparent  wrap- 
per qualities  for  more  critical  examination.  Bind:in  "hands/^  (or 
bundles)  of  twenty  to  thirty  leaves  of  even  length  and  quality, 
and  keep  under  cover  till  noon  or  evening,  when  it  must  be  put 
into  the  boxes  straight  and  compact,  lapping  tips  about  six 
inches,  and  let  the  butts  be  about  one  inch  from  the  ends  of  the 

■  * 

box  so  as  to  allow  the  heat  from  the  sweating  process,  which  be- 
gins at  once,  to  escape.  Keep  tobacco  in  bo?ces  covered  with 
cheap  oil  cloth  while  stripping,  as  a  case  or  box  may  not  be  filled 
ior  several  days.  When  full  fit  boards  and  press  down  by  stand- 
ing on  boards,  or  a  small  lever  may  be  used.  When  the  box  is 
full  it  is  ready  for  the  local  buyer,  who  expects  to  re*handle  it  in 
nis  own  warehouse  (until  the  average  Florida  tobacco  grower 
has  learned  to  grade  more  accurately)  and  sweat  and  otherwise 
prepare  it  for  the  manufacturer,  or  the  greater  markets  of  this 
*nd  foreign  countries.  When  the  leaves  are  primed  off  in  the 
field  the  grading  can  be  partially  done  in  stringing  them.  *  So 
that  if  sale  is  made  in  the  crude  state  there  is  nothing  to  do  but 
to  push  the  leaves  to  the  middle  of  the  cord  and.  wrap  with  same, 
Mid  the  goods  are  ready  for  delivery.  If  you  expect  to  sell  early 
to  local  warehouse  dealers  little  grading  is  necessary,  only  to 
keep  the  sand   leaves  separate. 

It  pays  the  farmer  to  sell  quickly  and  take  a  few  cents  less 
wid  let  the  local  dealer  re-handle  and  grade  more  perfectly,  and 
aweat  it  or  "betune  it,"  thereby  relieving  the  planter  of  a  task  he 
cannot  well  perform;  if  indeed  they  will  pay  him  a  fair  price,  oth- 
erwise he  would  better  have  it  sweated  or  betuned  and  prepared 
for  the  manufacturer.  Sometims  one  hundred  to  five  hundred 
per  cent  may  be  saved  in  this  way. 

These  rules  for  stripping,  boxing,  etc., do  not  apply  to  bright 
plug  leaf  tobacco,  which  is  to  be  "prized"  into  hogsheads  of  750 
to  1,000  pounds.  Kiln-dried  tobacco  will  not  keep  sound  if  the 
Item  is  soft  when  bulked  or  prized;  the  stem  should  snap  when 
bent  between  the  fingers.  Air-ciu-ed  tobacco  may  be  boxed  when 
jte  damp,  for  the  fabric  of  the  leaf,  the  cellular  tissue,  has  not 


been  broken  down  by  intense  fire  heat  ,as  it 
flue-cured. 

Never  undertake  to  soften  or  bring  to 
or  handle  by  "sprinkling  or  pouring,"  m 
sion."  Nevertheless,  if  the  weather  should  1 
should  so  continue,  your  crop  will  be  in  g 
tda)  of  injury  from  evaporation  and  deteri' 
and  harsh  or  "bony  and  crusty."  It  should 
(boxes),  which  should  be  two  or  two  and 
deep,  by  three '  or  three  and  a  half  feet  k 
pitch  pine,  as  it  will  impart  the  turpentine  o 
end  of  October  or  November  (unless  it  is 
possible),  it  is  important,  to  obtain  the  bes 
ida  cigar  tobacco  iii  boxes  before  its  ''life  b 
orated  by  hanging  too  long  on  the  poles.  1 
herent  mcwsture  (sap)  should  be  conserved  t 
boxing,  for  thtrein  consists  the  secret  of 
aromat  brilliancy,  and  elasticity  of  the  articli 
rich  and  mellow,  besides  preventing  its  corr 
lion  by  moth  and  rust ;  for  if  this  rule  is  not 
bacco  is  put  up  in  a  declining  condition,  so 
within  a  year  or  two.  when  the  little  white  u 
a  little  beetle  (Lasioderma  serricome,  Fabr 
old  cigars  made  of  poor,  lifeless  tobacco 
sume  it.  Here.  then,  is'  a  dilemma  if  the 
windy,  and  the  (juestion  arises 

HOW  TO  SOFTEN  THE  TC 

without  spraying  or  sprinkling,  which  woul 
$5  or  $io  (or  none  if  you  do  the  simple  woi 
have  a  softening  room  in  one  comer  of  youi 
side,  by  digging  a  pit  about  five  feet  deep,  b; 
in  the  ground.  If  clay,  no  wall  of  logs,  boa 
ed.  Build  above  ground  about  three  and  a  1 
tight  walL  The  roof  may  be  nearly  flat,  and 
the  earth  taken  out  of  the  pit.  Have  only  < 
Put  tier  poles  or  light  strips  in  this  room,  i 


door,  i8  to  20  inches  higl 
der  an  arch  or  heavy  shei 
the  fuel  is  to  be  burned, 
ter,  is  connected  with  thi 
bam  and  returning  parall 
turned  up  about  six  feet 
used  to  regulate  the  heat. 

The  best  types  of  bri„      ,    c    - = 

White  Stem  Orinoko.  They  can  be  bought  of  the  Ragland  Seed 
Farm,  Hyco,  Va.,  at  about  $2.00  per  pound,  and  they  can  be  re- 
lied on  as  fresh  and  genuine. 


NOTES. 

1.  Page  411  Sumatra  seed,  being  more  tropical,  should  not 
be  sown  in  north  Florida  till  February  15  to  March  15.  and  th< 
beds  should  always  be  covered  with  canvas  to  keep  a  more  ever 
temperature.  It  is  thought  that  this  type  should  be  planted  about 
a  month  later  than  others  mentioned.  When  the  seed  has  becom« 
acclimated  they  may  be  sown  earlier. 

2.  Page  414.  The  effects  of  limestone  on  tobacco  should  bi 
better  understood.  Different  limestones,  differentiate  the  soili 
by  their  disintegration.  I  see  that  some  Cuban  expert 
are  lookng  for  Calcareous  surface  rock  as  indication  of  tobacct 
lands  that  will  give  combustivity.  They  will  find,  perhaps  tO< 
late  that  the  oolite  rocks  of  Cuba  affect  the  soil  quite  differenth 
from  the  massive  rotten  limestone  of  Florida, 

3.  Page  415.  If  enough  cotton  seed  meal  be  used  to  get,  sa; 
150  pounds  of  potash  per  acre,  the  meal  would  yield  so  much  ni 
trogen  that  the  leaf  would' be  coarse  and  dark,  and  everyon* 
knows  that  dark  leaf  of  equal  quality  will  not  command  half  a 
much  as  light  colors. 

4.  Page  420.  To  the  direction  not  to  break  off  leaves  in  th 
fields,the  Sumatra  and  old  Florida  wrapper  are  exceptions.  The; 
grow  much  taller,  and  in  order  to  secure  the  bottom  leaves  befr>* 
the  top  ones  ripen  they  should  be  "primed  off"  and  taken  in  tat 
fiat  baskets  to  the  bam,  and   strung  on   slender  taths,  cord. 
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wire  I  prefer  wire  cut  into  twelve  inch  lengths  and  pierced 
through  the  large  end  of  the  stem^  the  leaves  being  put  face  to 
face  or  back  to  back,  not  "spooned."  Put  three  of  these  astride 
the  lath  and  hang  on  poles.  (See  chapter  on  Sumatra  Tobacco). 
5.  Page  423  "IGln-dried"  or  flue-cured"  will  not  stand  the 
moist  ferment  or  sweating  process  necessary  for  cigar  leaf.  It 
would  very  soon  "funk,"  blacken  and  rot,  for  the  fabric  or  cellu- 
fau*  tissue  was  destroyed  by  the  intense  heat. 


FURTHER  DISCI 


TOBACCO  so: 

There  is  probably  no  plant  in  the 
ceptible  of  variation  in  type  and  qu 
Different  soils,  and  different  manure 
with  the  same  treatment,  will  give  a  c 
the  same  seed.  Manures  and  manjpu 
secure  a  different  and  better  quality,  bi 
or  structure  of  the  soil,  and  the  climat 
it  is  of  prime  importance  to  seek  firsi 
with  reference  to  these. 

More  particidarly  and  necessarily  i 
of  the  soil  be  considered  and  understc 
nipulation,  manuring  or  climate  can  gi 
damental  element  of  the  soil  be  unsu 
givevariedminera!  qualities  to  springs 
vary  the  soil,  and  the  texture  and  oth 
leaf.  I  will  simply  state  here  that  It  ha 
strated  that  the  oldest  roks  in  the  eartl 
odcur  on  the  surface,  produce  the  fin 
limestones  produce  coarser  grades  or  1 


FERTILIZIN 


It  is  not  the  aim  of  the  expert  gi 
good  crop  of  tobacco,  but  more  parti 
baccp;  and  while  we  must  not  undervs 
ing  a  large  quantity,  the  quality  is  mo 
latter  is  more  apt  to  associate  itself  w 
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small  yield  in  weight,  for  a  small  yield,  per  acre,  is  very  apt  to  be 
ef  poor  quality.  Therefore,  in  order  to  insure  both  quantity  and 
quality  I  find  it  necessary  (with  very  few  exceptions  on  some  of 
the  richest  virgin  soil)  to.  apply  liberally  the  elements  of  plant 
lood  well-balanced  and  adjusted  so  as  to  constitute  a  perfect  aK- 
ment,  readily  soluble,  so  that  the  delicate  rootlets,  or  feeders^ 
may  appropriate  and  the  plant  assimilate  it  very  quickly,  as  the 
tobacco  plant  is  very  short  livdf^  sometimes  maturing  within 
forty  to  fifty  days,  when  all  the  conditions  are  favorable 


CHANGES  IN  TOBACCO  AND  IN  TASTE. 

.  In  Florida,  tobacco  oten  grows  wild,  seeding  itself  from  year 
to  year,  showing  that  it  is  entirely  at  home  in  this  soil  and  cli- 
mate; but  all  florists  know  that  wild  plants  and  their  flowers  and 
foliage  may  be  vastly  improved  by  repeated  transplanting,  culti- 
vating and  feeding.  With  none  is  all  this  so  important  as  the  to- 
bacco plant,  to  perfect  its  many  virtues.  This  is  rendered  more 
K>  from  the  fact  that  as  civilization  and  education  advance  the 
tastes  of  people  are  more  sensitive,  and  the  vagaries  of  fashion 
more  exacting  Fifty  years  ago  almost  any  tobacco,  not  too 
strong  or  too  weak,  that  would  burn  in  a  clay  or  corn-cob  pipe, 
or  stogie  smoker,  was  satisfactory ;  but  now  the  cultivated 
tastes  of  palate  and  olfactories  and  eye  are  all  to  be  catered  to. 
The  goods  must  be  sweet,  aromatic  and  pretty  as  a  polka-dot, 
smooth  as  silk,  glossy  as  satin,  and  as  thin  and  elastic  as  a  bat's 
wing.  And  having  all  these  qualities  in  the  highest  degree,  it 
wiD  be  utterly  worthless  unless  it  burns  well.  And  the  burning 
quality  must  also  be  qualified,  for  the  ash  must  be  white  and 
scriid  like  a  chalk  pencil,  must  not  split  and  flake  and  fall  all  over 
a  gentleman's  coat  and  vest;  nor  is  this  all — the  cigar  must  hold 
its  fire  a  long  time,  and  not  coal :  five  or  six  minutes  being  a  high 
rk. 

And  so  it  follows  that  the  quality  of  perfect  combustion  is 
I  nx>st  essential,  while  all  are  important  and  must  be  consid- 
i  in  the  compounding  of  this  complete,  well-balanced,  highly 


soluble,   nutritious  prepared 
feeder  which  CRnnot  disintegr 


CHEMIC 

Hence  it  follows  that  th 
silky  texture,  aroma  and  free  1 
chiefly  obtained  by  use  of  ch 
component  parts  are  individu 
are  generally  more  highly  ava 
mnch  difference  in  what  form 
ly  available,  but  the  acid  pho: 
the  animal  or  slaughter-house 
to  be  more  particular  in  the  s 
and  nitrogen.  Of  all  forms  o: 
crude  forms  are  most  objecl 
carry  too  much  chlorine,  it 
would  be  preferred  on  account 
jcction  holds  against  its  use,  a 
and  the  expense  of  refining  a 
great  The  fact  is  now  so  we 
terious  to  the  burning  quality 
but  saying  that  all  elements 
forms  of  ordinary  commerci; 
avoided. 


POTASH,  PHOSPHC 

My  own  experience  comj 
that  have  been  made  by  se\ 
the  Connecticut  Station.  con\ 
■alt,  sulphate  of  potash  and  n 
other  mineral  salts,  even  to  th< 
its  combination  with  magnesia. 
that  potash  is  the  principal  el 
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anced  aliment  for  cigar  leaf,  and  should  be  nearly  double  that  of 
phosphoric  acid  and  nitrogen,  and  while  a  slight  excess  of  either 
One  of  the  latter  will  injure  the  leaf,  the  same  cannot  be  said  of 
potash,  I  have  noted  that  excess  of  nitrogen  increases  the  per 
centage  of  nicotine  and  aUbuminoidy  and  produces  a  coarse,  dark 
kaf,  with  large  ribs  and  veins,  and  more  particularly  is  this  rank- 
ncss  attributed  to  stable  and  barn-yard  manures,  and  for  this 
cause  many  scientific  writers  advise  against  their  use  altogether. 
But  while  I  am  convinced  that  this  is  correct  in  the  main,  I  would 
not  entirely  abandon  stable  or  barn-yard  manure  for  cigar  to- 
bScco,  though  I  would  never  use  it  except  a  .very  slight  dressing, 
and  that  not  as  a  plant  food  at  all,  but  simply  to  supply  a  needed 
agency  in  the  form  of  micro-organisms  to  inoculate  a  sterile  soil 
with  the  nitrifying  bacteria. 


AN  EXCESS  OF  PHOSPHORIC  ACID. 

I  have  noted  more  than  once  on  certain  fields  where  soft  and 
soluble  phosphate  boulders  and  pebbles  cover  the  surface,  that 
tobacco  attains  a  most  rapid  growth.  As  soon  as  this  tobacco  is 
topped  the  rootlets  seem  to  extend  rapidly  outward,  and  the  re- 
maining leaves  come  to  quick  maturity.  Then,  often,  in  a  few 
days  the  whole  plant  "fires"  from  top  to  bottom,  so  that  it  could 
easily  be  ignited  on  the  hill.  Just  across  a  small  stream,  where 
these  boulders  do  not  occur  so  abundantly  on  the  surface,  and 
where  there  is  a  light  application  of  prepared^  tobacco  food,  car- 
rying ten  per  cent  actual  potash,  no  such  symptons  occurred.  So 
I  am  convinced  that  there  are  some  lands  in  Florida  with  a  too 
abundant  supply  of  phosphate  for  tobacco. 


LIME.  - 

have  never  underestimated  the  necessity  of  lime  in  its 
)er  form.  (Corborate).  Indeed,  I  venture  the  suggestion  that 
unctional  importance  in  the  soil  has  not  hitherto  been  appre- 
^     But  the  rotten  limestone  found  cm  the  surface  in  socne 


h- 


7-  Give  constant  and  careful  cultivation  and  attCQtioo. 
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WORK  IN  1896W 

In  reporlng  ihc  results  of  experiments  and  the  extent  and 
^qtiality.of  the  1896  crop  of  tobacco,  I  have  deemed  it  best  to  ex- 
tend my  observations  to  the  various  localities  of  West,  Middle^ 
East,  and  South  Flcfida,  and  not  to  limit  this  report  to  the  local* 
i|^  of  the  Experimoiit  Station,  for  the  reason  that  it  was  impos- 
tibleitOtGonduct  such  experiments  as  seemed  needftd  wih  the  lim* 
ited  amount  available  \  for  this  purpose.      Moreover^  the  season 
was  veiy  tmiavorabre,  and  the  Agricultural  Department  of  the 
State  under  the  judici<3|us  management  of  Hon.  L.  B.  Womb- 
well,  reinforced  by  moat  of  the  railroads,  particularly  the  F.,  C 
&  P.  and  the  P,  &  A„  iieeing  Florida's  greatest  opportunity 
growiag  out  of  Cuba's  extremity,  distributed  seed  freely  through- 
out the  State,  and  also  mapy  copies  of  the  Bulletins  of  the  Sta- 
tion.   In  addition  to  all  this  President  Duval  of  theF.,  C.  &  P. 
Railroad  appointed  a  special  age;nt,  Mr.  Henry  Curtis  ,of  Quincy, 
io  devote  his  whole  time  to  the  ^acouragement  of >«tobacoo  grow- 
ing from  the  Chattahoochee  river  to  Tampa  Bay,  particularly  in 
isany  southern  counties  where  little  has  been  done  hitherto  fii 
tobacco  growing.    Preside!nt  Duval  sent  a  man  three  years  ago 
io  the  Island  of  Sumatra  and  obtained,  at  great  cost,  some  of  the 
finest  strains  of  seed,  and  distributed    them  freely  through  Mr. 
Curtis,  throughout  the  Stfite.  Other  railroad  companies  also  dis- 
tributed the  best  seed  tliat  could  be  obtained  of  local  growers, 
ttd  um»  from  Cuba.  '  ^      j,.  _  ^  __  __ 
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I  SEASON  OF  1896. 

Commissioper  Wombwell  estimated  that  he  distributed  seed 

*" at  least  four  ^$)M3usand  three  hundred  applicants;  over  one  hun- 

^  pounds  o^  6eed  at  a  cost  of  at  least  five  hundred  dollars  for 

seed  alone.    His  estimate  was  that  about  ten  thousand  acres 

lid  be  planted  in    the  State  in  1896,  but  the  unprecedented 

mgfaf  of  last  spring,  extending  from  March  to  June,  made  it 

ossiU^tO  plant  out  over  half  this  estimate  ;and  of  course  most 

hat  whi£))  was  transplanted  suffered  more  or  less.     Much  of 

•••^y  planting  bftd  tP  b§  Cnt  off  near  the  groimd  and  start  a 


new  sprout,  "sucker,"  because  the 
woody  and  wircy  for  lack  of  rain,  ant 
developed  intb  a  merchantable  artich 


TIME  FOR  GROWTH  OF  F 
At  this  t>oiiit  it  may  be  pertinen' 
quired  for  the  development  and  mati 
cigar  leaf  grown  m  Florida,  in  the  f 
is  from  forty-five  to  sixty-five  days 
conditions,  i.  e.  proper  fertilizing,  cu 
perature.  If-aliy  of  these  four  essei 
tent  the  devclojmient  of  the  plant  ii 
Again,  I  have  observed  tfiai  when  a 
nearly  its  full  g/owth  and  a  'icrious  d 
suffers  and  begins  to  turn  yliow.  an 
cur  and  the  ci'op  takes  on  the  seco 
again,  thcr  mattirity  is  not  only  del; 
^weakened  in  its  fibre  and  fabric,  and 
less.  This  tendency,  however,  if^  gr 
in  others,  and  I  am  impressed  that  tl 
to  this  weakness  than  some  Cuban 
these  drawbacks  a  very  (air  crop* 
about  one  million  pounds  merchant; 
thousand  acres,  most  of  which,  out 
Columbia  counties,  was  purely  exp 
ners  or  novices  in  the  art,  without  ex 
drying  sheds.  ' 

These  beginners,  as  could  have 
gether  so  much  encouraged  as  the 
most  of  whom  >vill  increase  their  01 
the  majority  of  these  beginners  in  Sc 
many  of  which  were  sold  in  the  cr 
pound.  averagQ.  It  is  a  remarkable 
said  of  any  other  tobacco  district  in 
bulk  of  the;crop,  at)out  ninety  to  nit 
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kands  of  leaf  dealers  before  the  middle  of  October.  Most  of  it 
doli  in  September,  within  one  hundred  days  after  being  trans- 
planted, and  within  forty  days  after  harvest.  Whereas  tobacco 
<yops  grown  in  other  states  are  generally  held  by  the  producer 
from  eight  months  to  three  years.  When  the  risk,  loss  of  weight 
and  loss  of  the  use  of  the  amount  of  capit^f  invested  are  all  con- 
sidered, it  will  be  seen  that  Florida  tobacco  growers  enjoy  an  ad* 
YABtage  of  great  value. 


LOCAL  WAREHOUSES. 

This  great  advantage,  however  cannot  be  enjoyed  unless 
there  are  local  warehouses  at  central  points,  where  the  crops  are 
bulked,  fermented  or  ^'sweated,"  and  then  graded,  and  then  baled 
or  boxed  for  shipment  Five  to  ten  thousandvpot^nds  are  neces- 
sary for  a  good  sized  bulk  to  generate  sulhcient  beat  to  cause  the 
ferment.  Tobacco  should  be  fermented  just  as  soon  as  the  leaf 
is  once  dry,  before  the  inherent  moisture  has  evaporated.  For 
this  reason  buyers  arc  on  hand  in  August,  September  and  Octo- 
ber, and  will  pay  well  for  crops  thirty-five  to  fifty  days  after  har- 
vest And  as  they  take  it  as  it  comes  from  the  poles,  unassorted, 
the  producer  can  afford  to  take  less  price,  as  he  gets  pay  for  full 
weight  without  delay  or  further  labor  or  risk.  It  is  estimated 
that  the  shrinkage  in  the  ferment,  and  loss  of  worthless  leaves  in 
sorting  and  grading,  will  amount  in  all  to  fifteen  or  twenty  per 
cent,  and  in  poor  crops  to  over  twenty-five  per  cent 


ASSOCIATION  OF  GROWERS. 

If  neighborhoods  would  associate  themselves  together,  co- 
operate and  employ  an  expert  manager  (I  mean  a  man  "expert,** 
^'  with   experience  in    Florida,  for   experience   el*5ewhere   only 
lid  mislead  him),  and  grow  not  less  than  forty  to  fifty  acres  in 
rfghborhood,  buyers  would  come  and  erect  Warehouses.     Or 
association  themselves  could  do  this  and  finish  their  own 
'luct,  and  put  it  on  the  market  and  realize  the  profit  the  leal 
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Its  bearings,  from  the  geological  and  physical  character  of  soils, 
fertilizing,  cultivation  and  manipulation  that  I  have  seen.  To  Dr. 
H.  B.  Battle  ,the  able  Director,  the  Tobacco  World  owes  a  debt 
of  gratitude  for  this  and  other  minute  and  painstaking  experi- 
ments and  reports  on  samples  obtained  from  every  tobacco  dis- 
trict in  the  United  States.  The  sample  furnished  Dr.  Battle  ircMD 
Florida  was  grown  on  hammock  land  which  had  never  been 
touched  with  domestic  or  commercial  fertilizers.  It  was  from  the 
sixth  crop  on  the  same  land.  In  his  table  showing  the  compara- 
tive analysis  of  typical  tobacco  from  all  the  tobacco  districts  in 
the  United  States,  the  sample  from  Florida  showed  the  "highest 
marks  of  superiority  of  any  other"  except  Pennsylvania  seed 
leaf,  which  exhibited  a  fraction  more  potash,  but  of  course  that 
was  supplied  in  the  heavy  application  of  fertilizer  used,  but  it 
showed  also  more  chlorine.  It  is  conceded  that  the  burning  qual- 
ity is  the  chief  point  of  excellence  in  cigar  leaf.  The  match  was 
applied  to  thirty-two  different  samples  at  the  end  of  the  prepared 
strips,  and  the  Florida  sample  was  the  only  one  that  burned  com- 
pletely out  to  the  other  end,  consuming  the  entire  strip.  The 
table  is  herewith  appended: 


I 
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1 1  >  b  K  QuALiTV  OF  Tobacco,  Showi 


WHERE    GROWN,    AND   VARIETV    OR 
TVPE. 


475 
476 
477 
478 
479 
480 
+8. 
496 
497 
582 
583 
584 
585 


N.  v.;  Domestic  Havana  Eureka. 
Fla.;  Cigar  leaf  wrapper.    ..... 

Ky.;  London  strips 

Ky.;  White  Burley 

Mass. ;  Wilson's  Hybrid 

Tenn.;  German  Spinning  Leaf.  . 
Fenn. ;  Pennsylvania  Seed  Leaf. 

Ct.j  Havana  Seed  Leaf 

N .  C. ;  Fancy  EnRlish  Strips 

ya.;  Bright  WrappinR  Leaf 

Va.;  Austrian  Wrapper    

Va. ;  Italian  Regie. 

Va.;  Fre.ich  Regie  Snuff  Leaf.  ,  . 

Va. ;  Fine  bright  mahogany  wrapE 

0.;Ohio  Spanish 

Va.;  Small  dark  wrapper 

Md.;  Colory  Seconds 

O.;  White  Burley 

Ga. ;  Yellow  tobacco 

Ala.  J  Yellow  tobacco 

Kas. ;  Reddish  brown 

Miss. ;  Reddish    brown 

W.  Va. ;  White  Burley 

Ill.;SeeLeat 

Ind. ;  Light  Brown , 

Tenn. ;  Spanish  type 

N.  C;  bright  wrapper,  leaf  cui 
"  bright  wrapper,  stalk  " 
"  yellow,  smoker,  leaf  " 
"  yellow,  smoker  stalk  " 
"      yellow,  cutter,  leaf  " 
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OBSERVATION  ON  BURNING  QUALITIES. 

"In  comparing  experiments  with  regard  to  the  effect  of 
structure  and  chemical  composition  upon  the  burning  qualities, 
the  following  salient  points  may  be  observed: 

"ist.  The  best  burning  qualities  were  accompanied  by  a 
high  percentage  of  ash  constituents. 

"2d.  The  presence  of  a  large  percentage  of  lime  in  the 
ash  was  accompanied  with  comparatively  good  burning  qual- 
ities. 

"3rd.  Potash  existmg  in  proper  combination  was  conducive 
to  complete  combustion. 

"4th.  Other  things  being  equal  the  burning  quality  improv- 
ed as  the  percentage  of  cellulose  increased. 

"5th.  As  a  niie  a  thin  leaf  with  a  delicate  structure  burned 
better  than  a  coarse  leaf. 

"6th.  Albuminoids  seemed  to  have  a  deleterious  effect  upon 
the  combustibiiity. 

"7th.  Nicotine  is  not  an  important  factor  in  affecting  the 
burning  quality  of  tobacco. 

"8th.  It  has  been  demonstrated  by  different  writers  that  to- 
bacco containing  large  amounts  of  chlorine  does  not  bum  well. 
Nessler  found  that  an  abundance  of  potash  overcame  the  effects 
of  chlorine  to  a  certain  extent,  and  this  seems  to  be  verified  in 
these  results." 

In  defense  of  the  position  maintained  hitherto  by  the  writer, 

in  Bulletin  No.  30,  Florida  Experiment  Station,  as  also  in  other 

paniDhlets  and  contributions  to  agricultural  journals,  which  has 

had  many  criticisms.  I  will  at  this  point  quote  the  observation  of 

the  North  Carolina  Station  in  these  experiments.  (Bulletin  No. 

122,  page  365.) 

"Observation  8.  Limestone  and  clay  soils  produce  rather 
strong  tobacco,  with  a  large  nicotine  content." 

"Observation  7.  The  land  best  suited  for  the  production  of 
fine  quality  of  tobacco  is  well  drained  sandy  or  sandy  loam." 

On  page  344  of  this  North  Carolina  Bulletin  this  declaration 

is  made: 

"We  find  here  (No.  2)  the  soil  which  produced  the  highest 
priced  wrapper  (described  on. page  354  as  very  fine  texture  and 
very  glossy  and  silky,  and  color  light  brown)  is  a  light  sandy 
loam  (hammock)  without  any  fertilizer,  grown  in  Florida,  where 

climate  approaches  that  of  the  West  Indies,  and  the  quality 
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approaches  more  nearly  to  that  of  Cuba  than  any  other  grown  in 
this  country." 


U.  S.  FARMERS'  BULLETIN  NO.  5. 

In  confirmation  of  the  above  impartial  testimony  from  the 
North  Carolina  Experiment  Station,  it  may  be  well  to  refer  to  the 
"Farmers'  Bulletin"  No.  5,  published  by  the  Department  of  Ag- 
riculture of  the  United  States  government  at  Washington.  This 
Bulletin  was  prepared  by  an  acknowledged  authority,  Honor- 
able John  M.  Estes,  of  Wisconsin,  Special  TTobj^cco  Agent  of  the 
government.  He  was  employed  to  make  a  tour  of  all  the  tobacco 
districts  of  the  United  States,  and  to  report  facts  specially  for  the 
the  Columbian  Exposition.  He  says: 

"We  know  *  *  *  that  for  several  years  Florida  has  pro- 
duced the  highest  grade  of  cigar  leaf." 

The  editor  of  the  American  Agriculturist  submitted  samples 
of  Columbia  county  wrappers  to  a  committee  of  New  England 
experts  and  manufacturers,  who  "at  once  pronounced  them  the 
finest  in  every  respect  ever  produced  in  the  world."  This  verdict 
was  telegraphed  to  parties  in  Florida  urging  them  to  "spare  no 
pains  or  means  to  develop  this  important  industry." 

And  in  further  defense  of  the  Florida  product  I  will  only 
mention  the  fact  that  to  Florida  wrappers  and  fillers  were  award- 
ed both  medals  at  the  Cincinnati  Centennial  in  1888.  Florida  to-r 
baccos  have  won  several  times  at  other  expositions.  Which 
proves  that  the  prejudice  some  have  against  Florida  tobacco 
has  been  created  by  branding  Florida's  best  grades  as  imported 
Havana  and  Sumatra,  and  selling  only  the  poorer  grades  as 
Florida  filler. 


FLORIDA  TOBACCO  SOLD  FOR  IMPORTED 

TOBACCO. 

This  fact  is  often  denied  and  ridiculed ;  but  it  is  easily  esta 
lished  by  reference  to  the  circulars  and  "price  currents"  of  sor^ 
of  the  largest  leaf  dealers  and  speculators,  in  which  the  boast* 
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claim  is  sometimes  made  that  they  have  every  ''variety  and  type 
grown  on  the  earth/'  and  while  they  quote  "Florida  filler"  at 
45  to  75  cents,  I  have  never  yet  seen  a  Florida  wrapper  quoted, 
but  sometimes  Havana  and  Sumatra  wrapper  at  $1.50  and  $2.00 
per  pound,  which  is  just  about  the  amount  of  the  duty.  Evi- 
dently they  have  been  selling  Florida  wrappers  under  the  foreign 
names.  But  for  such  injudicious  and  false  procedure,  Florida, 
tobacco  would  now  need  no  such  defense  as  the  foregoing,  but 
would  have  had  by  this  time  an  established  reputation,  and  the 
crop  would  be  five  or  more  million  pounds  instead  of  one.  There- 
fore I  have  deemed  it  needful  to  make  this  defense  to  restore  con- 
ifidence  in  the  minds  of  som^  discouraged  planters,  and  more  fully 
to  advise  intending  home  seekers  and  investors  as  to  the  facts  in 
the  case. 


FLORIDA  SUMATRA  TOBACCO. 

For  many  years  experiments  were  made  in  Florida  with  Su- 
matra tobacco  seed,  obtained  through  the  American  Consul  at 
Singapore,  but  all  were  very  unsatisfactory.  Within  the  last 
thr^  years  President  H.  R.  Duval,  of  the  F.,  C.  &  P.  Railroad, 
by  sending  to  the  Island  of  Sumatra,  succeeded  in  obtaining 
only  two  pounds  of  the  best  strains,  from  which  not  only  satisfac- 
tory but  very  surprisi^ig  results  have  come,  that  have  already 
revolutionized  the  growing  of  Sumatra  tobacco  in  Florida,  and 
promises  in  the  near  future  either  to  drive  out  the  foreign  in- 
vader or  to  command  the  same  prices  in  the  open  markets. 
And  when  it  is  considered  that  within  a  single  decade  after  the 
introduction  of  Sumatra  wrappers  that  they  obtained  a  foothold 
on  the  Amercan  markets  which  even  the  $2.00  duty  did  not 
check,  but  the  demand  still  increased  until  at  least  fifty  per  cent 
of  the  domestc  cigars  are  now  being  wrapped  by  them,  and  caus- 
ing an  annual  drain  of  at  least  ten  million  dollars,  gold,  from  the 
country,  it  is  at  once  apparent  that  the  advent  of  the  genuine 

imatra  seed  and  its  successful  culture  in  Florida  is  a  very  fortu- 

te  circumstance. 
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PECULIARITIES  OF  SUMATRA  TOBACCO.  j 

1 


The  Sumatra  tobacco  plant  is  peculiar,  differing  more  wide- 
ly from  other  varieties  than  any  other  cigar  leaf.  The  imported 
seed  I  had  sown  on  the  loth  of  February,  a  month  later  than  the 
Cuban  seed.  They  all  germinated  and  came  up  well,  and  looked 
very  promising,  but  the  first  chilly  night  when  the  thermome- 
ter dropped  to  thirty-eight  degrees,  they  turned  yellow;  all  suc- 
cumbed to  the  cold,  although  there  was  no  frost.  On  part  of  the 
same  seed  bed  Sumatra  seed  that  had  been  grown  in  Florida  the 
preceding  year  were  not  affected  by  the  cold,  being  somewhat 
accclimated. 

When  it  is  considered  that  the  Island  of  Sumatra  is  situated^ 
nearly  on  the  equator  the  tropical  nature  of  the  plant  will  be  un- 
derstood. Even  in  North  Florida  it  is  not  safe  to  sow  the  im- 
ported Sumatra  seed  before  the  middle  of  March,  at  which  time 
other  varieties  may  be  ready  to  transplant.  But  it  is  under  favor- 
able conditions,  a  rapid  grower,  and  within  forty  to  fifty  days 
will  attain  the  remarkable  height  of  six  to  eight  feet.  It  has  been 
found  by  experiment  that  it  is  best  not  to  top  the  plant  at  all;  and 
if  at  all,  not  until  about  four  fifths  of  the  leaves  have  been  har- 
vested, which  must  be  done  by  breaking  them  off  (or  ''priming") 
as  fast  as  they  "speck."  Let  it  be  noted  that  the  word  "speck" 
is  here  used  for  "ripe."  Indeed  this  variety  of  tobacco  leaf  must 
not  be  allowed  to  ripen  fully,  as  its  texture  and  toughness,  and 
its  popular  and  delicate  pea-greenish  hue  will  be  spoiled  by  deep- 
ening into  the  brown  and  sere,  which  is  not  so  valuable  as  a 
wrapper  only  because  not  so  fashionable. 

If  the  leaves  are  allowed  to  ripen  fully  they  make  a  fairly 
good  filler  after  being  well  fermented  or  betilned;  better  still,  af- 
ter one  or  more  years'  reproduction  in  Florida.  This  fact  is  an- 
other important  feature  of  the  Florida  grown  Sumatra  seed-leaf, 
for  the  imported  article  is  not  at  all  fit  for  a  filler,  being  void  of 
any  quality  of  aroma.  Still  another  advantage  it  has  in  Florida 
is  that  it  grows  splendidly  in  old  lands  of  sandy  soil,  whereas  on 
the  island  it  is  only  grown  on  the  new  land. 

And   still  another  and  more  important  advantage  over  the 
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Vuelta  Abajo  is  the  more  abundant  yield  per  acre.    The  average 
jricld  as  per  census  reports  of  Cuban  seed-leaf  in  Gadsden  Coun- 
ty, where  it  was  most  extensively  planted,  was   395  pounds  per 
acre.    Now  since  the  advent  of  Sumatra  the  yield  on  some  lands 
is  estimated  at  five  hundred  to  twelve   hundred,  and  some  few 
even  claim  from  twelve  hundred  to  fifteen  hundred  pounds  on 
new  hammock  land;  but  it  is  conservative   to  estimate  that  the 
yield  is  about  75  per  cent  more  than  the  Vuelta  Abajo,  and  it  is 
not  at  aU  surprising  when  it  is  considered  that  the  plants  will  av- 
erage on  land  properly  enriched   seven  to  eight  feet  high,  and 
thirty  to  forty  leaves  to  the  plant,  and  that  there  are  ten  hundred 
to  twelve  hundred  plants  per  acre.    By  the  diligent  use  of  Paris 
green  to  destroy  the  bud-worm  and  the  other  pests,  which  are 
not  generally  very  annoying,  75  per  cent   of  the  leaves  may  be 
made  wrappers,  and  the  balance  binders  and  fillers.    There  is  a 
great  advantage  in  gathering  the  crop  leaf  by  leaf,  giving  an  op- 
portunity to  inspect  every  leaf  in  the  harvesting,  and  again  in  the 
stringing  process  in  the  barn.    This  is  accomplished  in  the  rainy 
season.    This  season  comes  in  Florida  in  the  harvest  time,  from 
June  to  September,  about  ninety  to  one  hundred  days,  and  this 
is  another  great  advafitage    in  Florida,  for  if  the  harvest  were  to 
come  in  a  dry  season,  as  in  Cuba,  artificial  means  would  be  nec- 
essary for  the  proper  curing  or  air  drying  of  the  leaf.    All  tobac- 
co growers  know  that  the  drying  should  be  slow,  and  in  a  humid 
atmosphere ;, for  it    is  conceded  now  that    cigar-leaf,  especially 
wrappers,  should  not  be  allowed  to  get  very  dr>'  more  than  once; 
and  as  soon  as  the  green  has  disappeared    from  the  mid-rib  it 
should  be  bulked  and  completely  sweated  in  the  first  heat  by  its 
own  inherent  moisture  or  sap,  which  is  really  its  very  life-blood, 
and  should  be  thus  conserved,  and  not  allowed  to  evaporate  oa 
the  poles  and  thus  waste  its  fragrance  on  a  desert  air.    To  illus- 
trate this  fact,  any  good  cook  knows  that  a  loaf  of  bread,  a  pota- 
to or  a  roast  of  meat  would  be  unfit  to  eat  after  being  half  cook- 
ed and  allowed  to  get  cold,  then  finished  with  another  fire.    So  it 

with  the  curing  or  fermenting  process  of  tobacco.  The  first 
Tocess  should  complete  it,  and  that  should  be  done  just  as  soon 
Ls  possible  and  in  large  bulks  in  a  close    apartment  with  a  tem- 
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perature  from  90  to  130  degrees.  Yet  if  it  is  packed  in  large  box- 
es closely  and  in  high  case  (soft),  and  the  boxes  stored  in  a  close 
warm  conipartfnent,  the  leaf  being  thin  it  will  generally  come  out 
all-right  in  the  course  of  forty  to  sixty  days,  and  be  ready  for  use 
by  the  casing,  which  all  manufacturers  give  it  in  the  process  of 
de-stemming  and  booking,  or  if  it  is  taken  out  of  the  bulk  at  the 
proper  time  and  baled  under  press,  it  will  be  ready  for  the  table 
when  it  reaches  the  factory,  in  say  fifty  to  100  days.  I  have  seen 
of  the  '96  crop  hundreds  of  thousands  of  pounds  that  will  run 
seventy-five  per  cent  wrapper,  and  as  fine  in  every  respect,  to  all 
appearance,  as  the  imported!  And  yet  they  say  it  would  be  too 
bold  if  the  truth  and  nothing  but  the  truth  be  told.  Well,  the 
"finishing  touch"  is  to  pass  it  through  ports  of  the  Amsterdam 
Dutch,  and  so  pass  it  off  for  imported  Sumatra.  But  the  time 
will  come  when  the  Amsterdam  and  Breman  Dutch,  and  other 
foreign  leaf  dealers,  will  come  back  to  Florida,  as  in  ante-bellum 
days,  to  buy  fine  speckled  wrappers,  and  for  which  they  invented 
or  discovered  Sumatra  as  a  substitute  after  the  ports  of  Florida 
were  blockaded  in  1861,  and  they  could  not  get  Florida  leaf.  But 
there  is  no  doubt  that  some  of  the  soils  of  Florida  and  the  climat- 
ic conditions  are  superior  to  those  of  Sumatra  and  the  same  skill 
with  the  same  types  will  yield  superior  results  in  Florida.  Florida 
has  been  robbed  of  the  credit  of  producing  "the  finest  leaf  ever 
grown  in  the  world."  The  best  product  having  been  disguised 
and  sold  as  Sumatra  and  Havana,  and  only  the  inferior  grades 
and  trash  sold  as  Florida  leaf!  And  the  very  performers  of  this 
ingenious  though  un-patrotic  trick  of  trade  now  confess  that  it 
was  a  blunder,  and  they  themselves  regret  it.  But  Capt.  General 
Weyler's  edict,  forbidding  the  further  exportation  of  tobacco 
from  Cuba  will  force  the  Florida  Cuban  seed  leaf  on  its  own 
merits.  Tiiis  will  prove  to  be  a  very  fortunate  edict,  as  the  prej- 
udice created  against  Florida  tobacco  by  the  injudicious  course 
pursued  by  so  many  speculators  hitherto  will  now  react  in  our 
favor. 

The  following  tabular  statement    in  detail  will  illustrate  if 
theory  what  has  been  demonstrated  in  practice.    I  believe  it  wa 
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done  on  the  noted  Santa  Clara  Plantation  of  the  Owl  Cigar  Com- 
pany near  Quincy,  on  which  no  less  than  one  hundred  and  thir- 
ty acres  were  under  the  skilful  management  of  Mr.  Corry,  to 
whom,  with  Col.  Henry  Curtis,  agent  of  the  F.  C.  &  P.  railroad^ 
I  am  indebted  for  courtesies  and  valuable  information. 

The  Owl  Company  showed  its  wisdom  in  employing  man- 
agers with  experience  in  Florida, — men  who  understand  the  soil, 
the  seasons,  the  climate,  the  labor. 


DESCRIPTION    OF    A    TYPICAL    SUMATRA    PLANT 
AND  ESTIMATE  OF  YIELD  PER  ACRE. 

Height  of  plant  when  topped,  6  to  8  feet 
Heigth  of  plant  when  in  flower,  8  to  lo  feet. 

(a)  Length  of  longest  cured  leaf,  i8  to  20  inches. 

(b)  Length  of  shortest  cured  leaf,  8  to  10  inches. 

(c)  Average,  14  inches.  1 
Width  of  leaf  (a),  10  to  12  inches. 
Width  of  leaf  (b),  5  to  6  inches. 
Average  width  of  cured  leaf,  8  inches. 
Greatest  npmber  of  leaves  on  best  plant,  40. 
Lowest  number  of  leaves,  20. 

Average  number  of  leaves,  30. 

Average  bottom  or  sand  leaves,  unmerchantable,  3. 

Average  top  leaves  worm-eaten  or  otherwise  injured,  7. 

Weight  of  the  average  number  of  the  merchantable  leaves 
from  one  plant,  i  3-5  ounces. 

Distance  apart  in  row,  12  to  15  inches. 

Distance  of  rows  apart,  4  feet. 

Number  of  plants  per  acre,  if  full 10,000 

Failures  from  cut-worms  and  other  causes 2,000 


^verage  stand  8,000 

If  one  plant  average  20  merchantable  leaves  and  weight  is 
5  ounces,  then 
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Two  hundred  leaves  weigh  a  pound,  and  one  acre  produces 
160,000  leaves  and  weigh  800  pounds. 

If  two-thirds  are  wrappers  we  have  600  pounds  or  .120,000 
leaves,  that  should  average  three  wrappers  per  leaf, — ^360,000 
wrappers.  If  one  pound  of  200  leaves  cfit  600  wrappers,  then  less 
than  two  pounds  cover  one  thousand  cigars.  If  this  was  import- 
ed it  w^ould  cost  from  $5.00  to  $6.00. 


COST  OF  PRODUCTION. 


In  all  economic  industries  the  question  of  prime  importance 
is  the  cost  of  production  as  related  to  the  market  value.  The 
price  of  the  land,  the  plant  food  to  be  applied,  the  labor,  and  the 
lumber  to  construct  sheds,  etc.,  are  the  main  factors  entering  in- 
to the  cost  of  production  of  cigar-leaf.  It  was  noted  in  the 
special  reports  made  for  the  Columbian  Exposition,  that  in  Flor- 
ida, where  the  finest  leaf  in  the  United  States  is  grown,  the  lands 
are  the  cheapest.  In  the  Connecticut  and  Housatonic  Valleys, 
in  the  seed-leaf  districts,  the  lands  are  worth  from  $50.00  to 
$500.00  per  acre.  It  is  also  to  be  noted  that  they  require  every 
year  an  expenditure  of  rive  to  ten  times  the  price  of  Florida  to- 
bacco lands  for  manures.  Moreover  the  labor  and  lumber  are 
also  correspondingly  high,  while  the  value  of  the  leaf  is  further- 
more much  lower.  So  it  is  apparent  that  since  Florida  enjoys  all 
these  superior  advantages,  together  with  the  double  advantage 
of  growing  two  or  more  crops  a  year,  and  immunity  from  hail- 
storms, that  the  inducements  presented  to  engage  in  the  exten- 
sive production  of  cigar-leaf  in  Florida  are  unmistakable. 


LANDS,  LABOR,  LUMBER,  LIVING. 

The  best  hammock  lands  in  Florida  may  be  bought  for 
$5.00  to  $50.00  per  acre,  according  to  the  proximity  of  towns  and 
railroads.  This  amount  is  about  the  annual  rent  of  lands  in  the 
seed-leaf  states,  which  require  also  more  than  double  the  amount 
of  manures  required  in  Florida. 
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The  cost  of  living,  labor  and  lumber  are  correspondingly 
low  in  Florida,  so  that  from  years  of  experience  it  may  be  safely 
said  that  $40.00  to  $50.00  per  acre  should  cover  the  entire  cost 
of  crop,  which  may  be  sold  in  the  crude  state,  within  one  hundred 
to  one  hundred  and  fifty  days  from  the  transplanting,  or  within 
forty  to  fifty  days  from  the  harvest.  So  if  the  yield  is  from  500 
to  1,000  pounds  per  acre,  and  the  acreage  price  in  the  crude  un- 
assorted state  be  25  cents  the  average  would  be  750  pounds  at  25 
cents;  or  $187.50.  Subtract  the  cost  of  labor  and  fertilizer,  $50, 
and  we  have  $137.50  net  profit  per  acre.  While  some  would  fall 
below  this  estimate,  it  should  be  noted  that  some  have  sold  this 
'96  crop  at  40  cents  to  60  cents  average  and  produced  at  the  rate 
of  800  to  1,000  pounds  per  acre.  Some  have  received  five  hun- 
dred dollars  per  acre,  and  that  in  the  raw  state.  It  is  certain  tkat 
the  finished  products  would  in  some  rare  instances  yield  even 
$T, 000.00  per  acre.  While  it  is  possible  to  increase  this  return,  I 
will  emphasize  the  fact  that  many  who  would  attempt  it,  in  a 
careless  manner,  would  probably  fail  altogether. 


FALL  PLANTING. 


The  advisability  of  planting  a  fall  crop  of  tobacco  depends 
not  only  on  the  latitude,  but  on  the  season ;  not  so  much  the  sea- 
son for  transplanting  as  for  the  harvest  time  and  drying,  a  rainy 
season  or  humid  atmosphere  being  more  necessary  for  the  latter 
than  the  former.  The  proper  time  for  transplanting  a  fall  crop  is 
August  and  September,  before  the  summer  rains  are  over;  i.  e., 
August  for  the  more  northern  and  September  for  the  more 
southern  portions  of  the  Peninsula.  While  it  might  be  safe  some 
years  to  transplant  from  the  last  of  July  to  the  last  of  October, 

re  is  great  risk  in  transplanting  later  than  September,  above 

'  28  degree  latitude. 


FALL  PLANTING  OF  VUELTA  ABAJO. 
t  may  be  safely  affirmed  that  the  Cuban  variety  generally 
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planted  in  Florida,  the  Vuelta  Abajo,  will  stand  a  low  degree  of 
temperature  and  even  a  light  frost,  if  a  shower  immediately  pre- 
cedes, without  serious  injury;  even  if  the  upper  leaves  sustain 
some  little  injury,  they  protect  the  lower  ones  in  a  light  frost. 
The  Vuelta  Abajo  is  planted  in  Cuba  in  mid  winter,  and  there- 
fore it  is  clear  that  it  is  not  so  tropical  and  tender  as  the  Sumatra* 
which  comes  from  the  equator. 


FALL  PLANTING  OF  SUMATRA. 

I  am  not  yet  prepared  to  advise  to  plant  Sumatra  at  all  in 
the  fall,  as  it  prefers  the  hot  sun  of  mid-summer.  Though  it 
may  be  found  when  the  Sumatra  has  been  acclimated,  that  it  may 
be  planted  in  fall  also. 


SCAFFOLDING. 

Before  the  tobacco  is  brought  into  the  bam  it  should  remain 
on  a  scaffold,  extemporized  of  forked  limbs  of  trees  and  long 
poles,  so  as  to  be  thoroughly  wilted;  for  if  taken  in  the  house  be- 
fore, and  a  rainy  spell  set  in  and  the  plant  or  leaf  on  the  "barn- 
strut"  it  will  be  necessary  to  put  it  out  into  the  sun  to  wilt  it 
down  thoroughly,  otherwise  it  will  be  liable  to  stem-rot,  mould 
and  pole-burn,  and  will  not  be  as  bright,  tough  and  elastic 
as  it  should.  The  scaffold,  however,  may  not  be  necessary  if  the 
weather  is  bright,  warm  and  dr}%  so  as  to  insure  perfect  wilting, 
which,  let  it  be  noted,  may  be  excessive  in  very  hot  and  dry 
weather. 


FREEDOM  FROM  INSECTS  IN  THE  FALL. 

Another  great  advantage  in  fall  planting,  particularly  aftc 
the  full  rnoon  of  September,  is  that  the  horned  worm  and  all  oth- 
er pests  which  cost  so  much  to  fight  in  the  spring  crop,  have 
gone  into  their  winter  quarters,  and  moreover  the  summer  gras 
and  weeds,  having  sown  their  seeds  for  the  next  summer's  cro] 
are  out  of  the  way,  and  therefore  much  plowing  and  hoeing  ^ 
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unnecessary  in  cultivation,  for  too  constant  and  deep  plowing, 
hoeing  and  root  pruning  produce  a  thick,  coarse  leaf.  Still  an* 
other  great  advantage, — ^the  weather  is  so  much  more  pleasant 
and  therefore  the  labor  less  exhaustive. 


WEATHER  IN  FALL. 

And  if  against  all  this  it  is  argued  that  the  fall  rains  are  un* 
certain,  it  can  be  as  truthfully  replied  that  the  dry  seasons  pre- 
ceding the  inevitable  summer  rains  (which  begin  generally  about 
the  loth  to  15th  of  June  and  continue  for  about  ninety  to  one 
hui^dred  days)  are  probably  bs  much  to  be  expected  as  the  fall 
drouth  that  often  follows  the  rains  of  summer.  And  moreover 
every  Florida  farmer  and  gardener  knows  that  less  than  one  half 
the  rain  is  required  for  fall  and  winter  crops  as  for  summer,  for 
the  nights  are  growing  longer  in  the  fall,  and  the  temperature 
lower,  so  that  evaporation  is  much  less. 


CURING  THE  FALL  PRODUCT. 

While  there  is  only  one  serious  disadvantage  in  planting  a 
fall  crop  of  Vuelta  Abajo,  there  are  several  compensating  advan- 
tages which  may  more  than  counter-balance.     The  present  fall 
has  been  unusually  warm  and  seasonable.    The  Florida  falls  are 
often  very  dry,  succeeding  the  invariable  rainy  season  of  sum- 
mer.   When  this  is  the  case  I  have    noted  that  tobacco  though 
cut  ripe  will  not  "cure  down"  to  the  sere  and  brown,  but  the  dry 
hot  winds  soon  crisp  up  the  leaf  in  a  day  or  two,  leaving  the  col- 
or green;  whereas  if  the  atmosphere  had  been  humid  and  the  leaf 
kept  pliant  and  the  coloring  matter  fluid    and  flowing,  the  leaf 
would    take  its  natural  course,  which  is  to  color    slowly  from 
,en  to  yellow  and  from  yellow  to  brown.    This  difficulty  may 
obviated,  however,  by  extemporizing  a  small  furnace  for  a 
$e  kettle  or  boiler,  like  a  common  sugar-kettle,  on  the  outside 
the  bam,  with  a  wooden  top  through  which  an  inch  pipe  may 
"^assed  into  the  bam,  so  the  steam  may  escape  under  the  to- 
"^  'luring  the  dry  heat  of  the  day,  thereby  keeping  the  atmos- 


4SO 

I 

phere  of  the  closed  barn  sufficiently  humid.  If  the  bam  be  made 
quite  air-tight,  so  that  the  closed  windows,  doors  and  ventilators 
may  prevent  the  escape  of  any  moisture  evaporating  from  the 
green  tobacco,  this  will  sometimes  be  sufficient  to  keep  the  leaves 
phant,  in  which  case  the  steam  is  not  required.  This  is  far  bet- 
ter when  practicable.  Those  who  contemplate  fall  planting 
should  by  all  means  build  their  bams  so  as  to  control  the  tem- 
perature, moisture  and  light.  In  fact  it  is  advisable  to  have  all 
barns  so  constructed,  for  if  the  tobacco  could  be  made  to  reab- 
sorb its  own  vaporous  moisture  and  odor  as  they  escape  by  evap- 
oration, the  quality  of  leaf  would  be  greatly  improved  in  every 
respect. 


EXPERIENCE  IN  FALL  OF  1896. 

Again  the  experiments  made  this  fall  in  Marion,  Pasco, 
Sumter,  Polk  and  other  southern  counties,  notably  by  Dr.  Cor- 
rigan  at  St.  Leo,  in  Pasco  county;  by  the  Cuban  Tobacco  Grow- 
ers' Company,  at  Ft.  Meade,  in  Polk  county;  and  by  Mr.  Madero 
near  Ocala,  in  Marion  county,  where  in  all,  I  saw  nearly  one 
hundred  acres  in  the  fields  in  the  middle  of  December,  without 
grass  or  grasshoppers  or  other  pests,  fully  demonstrate  the  feas- 
ibility of  fall  planting,  at  least  when  the  season  is  so  favorable  as 
it  has  been  this  fall.  While  on  the  Cuban  plantations  near  Ft. 
Meade  the  expensive  irrigation  plant  would  have  insured  a  crop 
in  a  dry  fall,  all  the  crops  in  the  various  counties  were  equally 
promising  without  irrigation.  How  far  north  and  west  in  Flor- 
ida this  can  be  done  may  be  suggested  by  the  November  and  De- 
cember frost-line.  From  Lake  City  to  Manatee  no  frost  has  oc- 
curred up  to  this  date,  15th  of  December,  1896;  while  west  of  thr 
Suwanee  several  frosts  have .  occured.  Frost  frequently  doc 
occur  the  last  of  November,  even  as  far  south  as  Tampa,  b) 
which  time  August  and  September  plantings  should  be  safel> 
housed ;  though  I  have  frequently  made  cuttings  in  December  a 
Lake  City,  (one  on  the  25th),  when  the  plants  had  protectic 
from  overshadowing  trees.    In  1888  I  saw  some  fine  tobacco  ' 
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at  Ocala  by  some  Cubans  on  the  8th  of  April,  which  hkd  been 
transplanted  in  an  orange  grove  in  mid-winter.  These  notes  and 
observations  have  been  made  for  the  benefit  of  the  multitude  of 
tobacco  growers,  in  this  and  other  states,  who  flood  me  with  let- 
ters of  inquiry,  as  well  as  for  those  who  I  suspect  will  be  surpris- 
ed to  learn  the  facts  above  set  forth. 

There  is  no  doubt  that  where  fall  and  winter  gardening  is 
practicable,'Cuban  tobacco  may  as  safely  be  risked,  if  transplant- 
ed about  the  termination  of  the  rainy  season  as  above  directed. 
But  it  will,  as  in  all  the  tobacco  growing  states;  be  liable  some- 
times to  be  injured  by  frosts. 


BRIGHT  PLUG  WRAPPER. 


Mr.  Geo.  W.  Saxon,  of  Tallahassee,  is  the  pioneer  in  dem- 
onstrating Florida's  possibilities  in  the  production  of  Bright 
Plug  Tobacco.  He  has  for  two  years  past  demonstrated  that  a 
leaf  very  like  to  ^hat  grown  in  the  Carolinas  and  Virginia  can  be 
raised  on  the  red  clay,  and  sandy  loam  soils  with  clay  sub- 
stratum, of  Florida.  And  the  prices  obtained  in  the  North  Caro- 
lina markets  compared  favorably  with  the  Carolina  product.  But 
the  distance  to  a  market  for  thi»  variety,  and  the  fact  that  nearly 
five  hundred  million  pounds  of  plug  leaf  is  produced  in  the  Unit- 
ed States,  and  only  one  million  pounds  Florida  cigar-leaf,  and 
the  fact  that  the  production  of  the  latter  is  so  much  less  expen- 
sive and  more  profitable  have  led  Mr.  Saxon  for  the  present  to 
abandon  the  idea  of  growing  plug-leaf.  He  will  plant  instead 
Vuella  Abajo  and  Sumatra  on  a  large  scale.  Surely  he  is  wise  to 
make  this  change,  since  plug-tobacco  may  be  and  is  grown  in 
several  of  the  states,  while  there  is  but  one  Florida  with  her  semi- 
tropical  climate,  and  sandy  loam  soil,  and  water  environment, 
and  ten  thousand  lakes,  and  invariable  rainy  seasons,  all  conduc- 
incr  to  make  Florida  the  coming  Cuba  and  Sumatra  for  the 
nerican,  and  possibly  for  foreign  markets,  since  the  last  Su- 
tra crop  was  a  failure,  and  the  Cuban  supply  was  completely 
off. 
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SOUTH  FLORIDA, 

Florida  has  an  immense  area  that  was  not  penetrated  by  rail- 
roads till  within  the  past  decade,  and  even  now  the  roads  are  few. 
As  a  tobacco  growing  country  it  is  surely  coming  to  the  front. 
The  large  bodies  of  gray  hammock  lands  in  Alachua,  Levy> 
Marion,  Pasco,  Sumter,  Hillsborough,  Hernando,  Lake  and  Or- 
ange counties,  and  no  doubt  others  that  I  could  not  Veach,  have 
been  tried  this  year,  and  some  in  former  years,  and  have  not  been 
found  wanting.  I  have  seen  samples  of  Sumatra  and  Vuelta 
Abajo  and  Old  Florida  Speckled  Wrapper,  grown  by  beginners 
in  the  southern  counties,  that  have  not  been  excelled  by  the  ex- 
perienced growers  of  Gadsden,  Leon,  Waukulla,  Jefferson,  Mad- 
ison and  Columbia;  and  the  prices  obtained  prove  the  correct- 
ness and  this  declaration. 


WESTERN  FLORIDA. 

In  Liberty  and  Calhoun  and  in  the  Holmea  valley  in  South 
Washington  and  Walton  counties,  as  well  as  in  some  hanunocks 
in  Escambia,  I  have  seen  samples  indicating  that  the  natural  con- 
ditions are  all  right,  and  nothing  is  wanting  but  capital,  skill  and 
enterprise  to    develop  an    industry  in    every  county  in  the  state, 
provided  the  lands  are  selected  with  judgment:  the  tertiary  lime- 
stones and  clay  surface  avoided.    This  area  will  supply  the  twen- 
ty-five or  thirty  million  pounds  now  being  imported  at  a  cost  of 
thirty  to  forty  million    dollars.     But  in  Florida,  as  everywhere 
else,  very  many  of  the  lands    are  not  so  well  adapted  as  others. 
Even  on  the  same  farms  some  fields  are  not  suited  as  well  as 
others.    Even  in  Cuba  and  Sumatra  the  good  tobacco  districts 
are  very  small  compared  to  the  whole  area  of  the  islands  blessed 
with  the  same  climate.    In  fact  fine  tobacco  is  exported  only 
from  the  Vuelta  Abajo  and  Mancaraugua  districts  of  Cuba,  both 
in  the  Pinar  Del  Rio  Valley.    In  the  Island  of  Sumatra  it  is  onlv 
in  the  small  Delhi  district  that  types  of  cigar-leaf  can  be  growl 
fit  for  export 
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GOOD  TOBACCO  LANDS  IN  ALL  PARTS  OF  FLOR- 

IDA. 

But  it  may  be  affirmed  that  as  the  Peninsula  of  Florida  is 
more  ttniform  than  Cuba,  Sumatra  or  any  other  tobacco  grow- 
ing state,  there  are  relatively  more  good  tobacco  lands  on  her 
sandy  surface  of  marine  alluvial  deposits  than  in  any  other  quar- 
ter of  the  globe.  They  are  mostly  in  their  virgin  state.  In  many 
places  these  lands  are  as  cheap  as  dirt.  Tlie  clearing  of  them  is 
not  more,  not  even  so  much,  as  the  cost  of  the  annual  supplies  of 
manures  applied  to  the  old  lands  of  the  older  tobacco  states.  It 
is  conceded  that  the  leJf  product  of  well-drained  virgin  soil  in 
Florida  is  far  superior  for  several  years  to  that  of  old  fields,  arti- 
ficially enriched.  As  the  virgin  soil  produces  the  highest  grade 
of  leaf,  all  efforts  to  enrich  artficially  should  be  with  the  aim  to 
restore  the  original  and  natural  properties  and  physical  condi- 
tions of  the  virgin  soil  of  the  forests,  which  have  been  mulched 
for  ages  with  fallen  foliage.  This  remark  does  not  apply  to 
swampsy  marshes  and  muck-beds. 


.  CUBAN  METHODS  AT  FT.  MEADE. 

In  company  with  Col.  Henry  Curtis,  agricultural  agent  of 
the  F.  C.  &  P.  railroad,  I  made  an  investigation  of  the  Cuban 
methods  on  their  extensive  plantations,  at  Ft  Meade,  Polk  coun- 
ty. On  the  15th  of  December,  1896,  we  saw  no  less  than  75 
acres  in  the  fields  in  perfect  condition,  most  of  it  being  harvest- 
ed, while,  as  an  experiment,  some  was  teing  transplanted,,  all 
jnst  as  they  dp  in  Cuba  now,  and  have  done  for  a  century  past 

That  they  have  produced  and  finished  a  product  fully  equal 

to  the  Cuban  in  every  respect,  no  one  from  Ciuba  or  elsewhere 

has  yet  been  found  to  question.    And  wh^n  the  intelligent  prcs- 

*'*--';  of  the  company.  Dr.  M.  A.  Abelo,  told  us  that  the  clmate, 

nd  seasons  of  Florida  are  all  preeminently  adapted  to  the 

uCtion  of  the  Vuelta  Abajo  tobacco,  and  moreover  that  they 

plant  eight  mohths  in  Florida,  whereas  in  Cuba  the  seed  are 

■  ^  ^ul^st,  transplanting  is  done  in  early  winter,  and  har- 
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vesting  in  late  winter  or  early  spring.  He  also  stated  to  us  that 
the  soil  in  Florida  is  not  so  much  worn  as  in  Cuba,  where  the 
lands  have  been  "run"  for  centuries,  hence  less  fertilizer  is  re- 
quired here.  This  company  employs  Cubans  by  the  score,  at 
$i.oo  per  day,  and  every  thing  is  done  by  hand.  No  teams,  no 
cultivating  with  a  plow,  no  hauling  done/  so  jealous  are  they  of 
every  plant  and  leaf.  This  of  course  increases  the  cost  of  pro- 
duction to  35  cents  or  40  cents  per  pound,  as  the  president  of  the 
company  stated,  and  ^which  we  argued  could  be  reduced  to  10 
cents  per  pound  by  the  use  of  improved  implements  and  labor- 
saving  machinery.  But  when  we  consider  that  all  their  labor  is 
skilled  and  faithful,  and  expert  in  the  Cuban  method  of  cutting, 
curing  and  baling,  and  the  fancy  prices  they  are  sure  to  obtain, 
the  net  profits  for  their  finished  goods,  either  in  cigars  or  bales 
ready  for  the  "bench,"  will  no  doubt  pay  a  good  dividend. 

At  any  rate,  if  they  can  produce  as  good  a  leaf  in  Florida  as 
in  Cuba,  which  they  are  confident    has  been  demonstrated,  the 
difference    in  the  matter    of  duty  on  the    imported    leaf  alone 
amounts  to  a  large  profit.    And  when    they  learn  the  improved 
American    methods  of    cultivation  in  the    use  of  the  plow,  the 
sweep,  and  particularly  the  horse-hoe,  as  we  tried  to  show  them, 
o.ne   man  and  mule   can  care  for  as  many  acres   as  ten  men  by 
hand, — sl  saving  of  about  80  per  cent  in    cost  of  cultivation. 
Moreover  the  Cuban  method  of  fertilizing  and  feeding  the  plant 
is  the  same  it  was  one  hundred  years  ago  or  longer.    It  seems  at 
least  probable  that  if  all  the  European  nations  and  America  have 
made   progress  in   agriculture,  there   may  be  room  also  for  im- 
•provement  in  their  ancient  though  measurably  successful  man- 
ner of  fertilizing,  which  consists  in  the  exclusive  use  of  Peruvian 
guano  which   does   not  combine   the   proper  and  preponderant 
proportion  of  potash,  nor  the  well  balanced  proportions  of  nitro- 
gen, phosphoric  acid  and  magnesia.    The  same  may  be  said  of 
the  prevailing  custom  of  the  Gadsden  and  Leon  county  g^wers 
in  the  exclusive  use  of  cotton-seed,  (sometimes  composted  wif 
barn-yard  and  stable  manures),  for  it  has  been  demonstrated  I 
many  of  the  most  progressive  Experiment  Stations  and  Fam 
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trs*  Institutes  that  no  less  than  one  hundred  and  fifty  to  two  hun- 
dred pounds  of  potash  per  acre  is  necessary  to  secure  the  best  re- 
sults; and  as  there  is  not  more  than  an  average  of  o^e  and  a  half 
par  cent  available  potash  from  cotton  seed,  to  secure  a  sufficiency 
from  this  source  entirely  too  much  nitrogen  as  well  as  too  much 
money  must  be  applied.  If  a  ton  of  cotton  seed  contains  even 
thirty  pounds  of  potash,  five  tons  are  required  to  get  one  hund- 
red and  fifty  pounds,  the  minimum  amount  required.  And  yet 
there  is  no  doubt  that  cotton-seed  either  rotted  or  ground,  is  val- 
uable if  properly  combined  with  potash,  (the  low  grade  sulphate), 
and  other  essential  elements  so  as  to  be  well  balanced,  as  set 
forth  in  former  pages. 

So  upon  the  whole  it  will  be  apparent  that  we  do  not  pre- 
sume to  make  any  suggestions  on  the  "Cuban  Methods'*  further 
than  the  use  of  labor  saving  implements  in  field  culture,  and 
feeding  the  plant  And  there  is  no  doubt  while  Americans  may 
learn  much  from  Cubans  of  their  barn  manipulations,  the  Cu- 
bans will  also  learn,  as  all  nations  have,  that  America  is  always 
ahead  in  the  open-field;  that  the  hoe  and  the  spade  have  liad 
their  day;  and  that  they  who  would  reap  at  low  cost  must  use  the 
mule  and  the  plow,  the  harrow  and  the  sweep. 


b. , 


/  « 


SUGGESTIONS. 


BY  O.  CLUTE. 


Many  correspondents  write  me  in  regard  to  tobacco  grow- 
!ii|^  and  topics  connected  therewith.  I  hope  that  their  questions 
b  the  main  are  answered  in  this  bulletin.  In  order  to  save  the 
addng  and  tiie  answering  of  questions  I  will  say  here  that  the 
Experiment  Station  hasi  no  tobacco  seed  to  give  away  or  to  selL 
As  there  are  parties  in  the  state  who  furnish  seed  I  have  not  en- 
tered upon  this  work.  The  F.  C  &  P.  railroad  has  furnished  a 
good  deal  of  seed  free,  as  have  the  J.  T.  &  K.  W.»  the  East  coast, 
and  the  Plant  System.  Perhaps  by  addre^ing  the  ofKcials  of  the 
roads  seed  can  be  secured  now. 

Pure  imported  Vueita  Abajo  seed  can  be  bought  of  the  Cu- 
ban Tobacco  Growers'  Association,  Fort  Meade,  Fla.,   for  25 
cents  an  ounce.    It  is  claimed  by  some  that  the  tobacco  grown 
file  first  year  in  Florida  from  imported  Vueita  Abajo  seed  is  not 
as  good  as  that  grown  from  seed  of  the  Vueita  Abajo  which 
has  been  grown  in  Florida  for  one  or  more  years.    Of  this 
I  cannot  speak  from  experience,  but  I  know  that  the  Cuban  to- 
px)wers  atFort  Meade  had  a  remarkably  fine  crop  grown 
'  from  imported  seed. 
erican  grown  Sumatra  seed  can  be  obtained  of  the  Owl 

»ny,  Qtiincy,  Fla.    It  is  believed  by  many  that  the 

..  e^rown  Sumatra  seed  produces  a  finer  and  better  fla- 
^^cro  fhskv  the  imported  Sumatra  seed.     Certainly  the 
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Owl  Company  has  had  most  encouraging  success  with  home- 
grown seed. 

Correspondents  often  ask  about  fertilizers  for  tobacco.  On 
this  head,  in  addition  to  what  Mr.  Moodie  says  in  the  body  of  the 
bulletin,  I  would  say  -that  commercial  fertilizers  are  widely  and 
successfully  used  for  the  growth  of  tobacco.  The  composition  of 
the  fertilizer  and  the  amount  to  apply  per  acre  can  hardly  be  ghr* 
en  in  exact  terms  unless  one  knows  the  character  of  the  soil  and 
the  uses  to  which  it  has  been  previously  put  In  order  to  aid 
inquirers  as  much  as  possible  an  expert  chemist  and  practical 
agriculturist  has  prepared  for  me  the  formula  given  below.  The 
ingredients  mentioned  can  be  bought  from  all  dealers  in  fertili- 
zers. The  mixing  should  be  done  on  a  dry  floon  a  few  days  be- 
fore the  fertilizer  is  used.  ' 


FERTILIZER  MIXTURE  TO  BE  APPLIED,  PER  ACRE 
IN    TOBACCO    GROWING,  TO    LIGHT,  SANDY 
.     SOILS,  HAVING  A  FAIR  SUPPLY  OF  HUMUS. 

250  pounds  acid  phosphate  (12  per  cent). 

250  pounds  high-grade  sulphate  of  potash. 

400  pounds  cotton  seed  meal  (decorticated). 

This  mixture  should  analyze  approximately  as  follows: 

Phosphoric  acid,  4.70  per  cent 

Potash,  14.70  per  cent 

Nitrogen,  3.20  per  cent 

If  it  is  desired  to  prepare  a  ton  of  the  above  mixture,  use 
the  quantities  of  the  several  materials  employed,  designated  be* 
low: 

555  pounds  acid  phosphate  (12  per  cent). 
555  pounds  high  grade  sulphate  of  potash. 
890  pounds  cotton  seed  meal. 


2000  pounds. 

When  soils  are  known  to  be  deficient  in  humus,  as  a 
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o(  fang  tod  oontioued  ctddvation,  without  receiviiig  proper  ferd- 
Bzer  treatment,  the  quantity  of  cotton  teed  meal  recommended 
above  to  be  applied,  per  acre,  may  be  increased  from  one-foortli 
to  one-hali  Where  fresh  hammock  toils  are  to  be  employed  in 
growing  tobacco,  the  qnantity  of  nitrogen  recommended  above 
ffity  be  reduced  one-half  and  can  best  be  applied  in  the  forms 
citfacr  of  nitxate  of  soda,  or  sulphate  of  ammonia,  as  a  substitute 
far  tbe  cotton  seed  meal  Where  this  change  is  made,  employ 
aboDt  i8o  pounds  per  acre,  of  the  former,  145  of  the  latter. 
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STRAWBERRY  CULTURE 


FOR  MARKET  AND  FOR  HOME  USE. 

Strawberries  are  grown  in  Florida  only  to  a  limited  extent 
for  home  consumption;  they  are  produced  mostly  for  shipment 
to  Northern  markets.  Hence  there  is  comparatively  little  scien- 
tific interest  attaching  to  the  pursuit  with  most  growers,  so  far 
as  the  discovery  of  new  varieties  is  concerned,  and  the  develop- 
ment of  old  varieties  to  that  state  of  perfection  to  which  North- 
ern growers  are  stimulated  by  frequent  competitive  exhibitions 
at  the  fairs.  The  Florida  grower  pursues  a  system  of  great  sim- 
plicity in  its  objects;  the  two  questions  of  paramount  importance 
with  him  are,  first,  to  produce  a  berry  that  will  ship  well;  sec- 
ond, and  depending  on  the  first  quality,  one  that  will  sell  well. 
But  it  must  not  be  supposed  that  the  attainment  of  these  ends 
does  not  involve  questions  of  complexity  and  difficulty.  There 
is  no  other  commercial  crop  grown  in  the  State  which  requires 
more  skill  in  producing  and  more  shrewdness  in-  marketing. 

CONSIDERATIONS  WHICH  SHOULD  DETERMINE  A 

CHOICE  OF  THIS  PURSUIT. 

To  the  novice  contemplating  the  choice  of  strawberry  cul- 
ture as  a  specialty  there  are  certain  considerations  which  should 
exert  a  leading  influence  with  him.  It  is  of  great  importance  that 
he  should  have  enough  neighbors  engaged  in  the  same  pursuit 
to  form  a  body  of  shippers  sufficient  to  guarantee  good  shipping 
facilities,  such  as  refrigerator  cars,  boxes,  etc.,  and  a  substantial 
recognition  by  the  transportation  companies  in  the  shape  of  a 
favorable  schedule  and  the  provision  of  an  ample  supply  of  cars 
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for  the  reception  and  forwarding  of  the  shipments.  There  should 
be  a  telegraph  station  during  the  season.  This  is  not  of  such  im- 
portance in  the  matter  of  market  reports,  as  these  sometimes 
cause  a  stampede  of  the  shippers  to  a  market  reported  favorably, 
causing  gluts  and  low  prices.  The  greatest  value  of  the  wire  is 
in  securing  a  prompt  supply  of  refrigerators,  ice,  etc.,  at  critical 
times,  when  a  delay  of  a  few  hours  might  involve  serious  loss. 

No  indolent  or  careless  man  should  choose  strawberry  cul- 
ture for  a  vocation.  Ordinary  farm  crops  which  do  not  require 
much  expenditure  for  fertilizers  and  labor  may  be  cultivated  in 
a  slipshod  manner  and  still  yield  some  sort  of  a  living.  But  the 
strawberry  demands  a  great  deal  of  painstaking  labor — drudgery 
it  would  be  called  by  one  not  in  love  with  his  calling — besides 
a  considerable  outlay  for  expensive  fertilizers ;  so  that,  unless  the 
crop  is  kept  up  to  a  high  standard  and  all  the  ins  and  outs  of  the 
markets  and  transportation  methods  are  vigilantly  looked  after, 
the  result  will  be  failure.  Industry,  economy  and  a  careful  per- 
sonal attention  to  a  multitude  of  details  are  more  important  than 
an  intimate  knowledge  of  the  markets,  for  it  may  be  set  down 
as  axiomatic  that  good  fruit  will  sell  itself. 

SOILS. 

The  best  soil  for  strawberry  culture  is  a  good  quality  of  flat- 
woods,  for  this  plant  demands  a  liberal  supply  of  water  and  a  wa- 
ter-holding capacity  of  the  soil.  To  this  end  there  should  be  a 
subsoil  of  clay  eighteen  inches  or  two  feet  below  the  surface.  A 
long  gentle  slope  to  the  south  is  the  best  situation,  as  the  sub- 
soil of  clay  acts  as  a  roof,  conducting  the  waters  of  precipitation 
slowly  downward  beneath  the  surface,  in  a  thin  sheet  along  the 
clay  sheet  from  which  it  percolates  upward  by  capillary  attrac- 
tion, watering  the  plant  through  a  drouth  by  a  system  of  natural 
subterranean  irrigation. 

A  hammock  or  a  **bayhead"  (a  cypress  swamp)  offers  the 
next  most  favorable  conditions,  but  a  soil  of  nearly  pure  muck  or 
vegetable  detritus,  of  a  fine  floury  texture,  does  not  resist  drouth 
as  well  as  does  the  sandy  flatwoods  soil.  Such  soils  pack  to- 
gether hard,  the  moisture  rapidly  evaporates,  the  cus- 
tomary    spring     drouth     quickly     reduces     the     size     of     the 
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berries  and  terminates  the  harvest  before  the  shipping 
season  is  over.  If  such  soils  have  to  be  used  their  texture  can  be 
improved  by  an  admixture  of  sand;  five  hundred  wagon  loads 
per  acre,  well  incorporated  with  the  muck,  would  work  a  decided 
betterment,  but  the  question  whether  it  would  pay  for  the  labor 
would  have  to  be  considered.  If  the  grower  has  good  shipping 
facilities  and  the  other  favoring  accessories  above  noted,  and  a 
piece  of  muck  a  quarter  or  half  a  mile  from  the  railroad  station, 
it  would  pay  him  to  spend  a  good  deal  of  labor  in  hauling  sand 
upon  it  rather  than  go  out  two  or  three  miles  to  find  land  natur- 
ally adapted,  and  be  obliged  to  wagon  his  berries  that  distance 
over  rough  roads  before  they  are  shipped. 

On  light  sandy  soils,  where  orange  culture  would  prosper, 
it  is  an  almost  hopeless  undertaking  to  plant  strawberries. 
Nothing  will  warrant  the  attempt  except  the  possession  of  fa- 
cilities for  copious  irrigation. 

IRRIGATION. 

The  time  will  probably  come,  under  a  higher  system  of  cul- 
tivation and  improved  methods  of  transportation  which  will  pre- 
serve tender,  high-grade  fruit  in  transit,  when  irrigation  will  be 
profitable.  Under  present  circumstances  it  may  well  be  consid- 
ered problematical  in  a  great  majority  of  cases.  An  enterprising 
wide-awake  grower  will  prepare  his  land  early,  breaking  it  up 
deep  and  making  it  fine  and  firm:  set  his  beds  before  the  end  of 
the  summer  rainy  season,  securing  deep-grown,  powerful  plants 
which  will,  on  suitable  soil,  go  through  the  severest  autumn 
drouth  without  detriment,  growing  right  along.  In  the  usual 
spring  drouth  judicious  irrigation  would  doubtless  increase  the 
size  of  the  berries — not  their  number — and  enhance  their  market 
value.  But  large  strong  plants  on  a  deep  flatwoods  soil  will  en- 
dure a  drouth  surprisingly  well;  and  the  reduced  yield  of  the 
carelessly  cultivated  plantations  will  give  a  higher  value  to  the 
output  of  those  which  were  well  cared  for,  nearly,  if  not  quite, 
counterbalancing  the  falling-off  in  quantity.  Still,  we  believe 
that,  even  with  the  abundant  though  badly  distributed  rainfall  of 
this  State,  some  inexpensive  but  effective  system  of  irrigation 
will  eventually  be  adopted  by  the  best  growers. 
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But  care  must  be  taken  not  to  give  excessive  watering.    A 

certain  modicum  of  moisture  in  the  soil  imparts  to  the  berries 

size,  gloss,  plumpness  and  firmness,  but  too  much  injures  their 
shipping  quality. 

VARIETIES.— THE  XEWXAX. 

The  leading  varieties  cultivated  in  the  State  are  the  Newnan, 
Hoffman,  Cloud.  Wilson  and  Lady  Thompson,  in  the  order  of 
their  mention.  There  are  probably  five  times  as  many  Newnans 
grown  as  of  all  the  others  put  together.  It  is  probably  not  worth 
while  to  give  a  technical  description  of  these  varieties  since  the 
purpose  of  this  bulletin  is  to  treat  them  with  refcrenc  to  their 
commercial  uses.  None  of  them  are  of  first-class  quality  for  the 
table.  Probably  the  Lady  Thompson  and  the  Cloud  are  the  best 
for  this  purpose.  The  Newnan  is  so  inferior  for  home  consump- 
tion that,  among  the  numerous  luscious  varieties  grown  in  the 
North,  it  would  occupy  a  position  well  down  toward  the  bottom 
of  the  scale.  It  is  a  hard  and  rather  acid  berry,  especially  in  the 
winter  and  early  spring,  and  at  this  season  it  ripens  somewhat 
unevenly,  frequently  becoming  brilliantly  sunburned  on  the  upper 
side,  with  a  glossiness  like  that  of  glass,  while  on  the  under  side 
it  remains  green  or  even  almost  white.  It  is  the  coldness  of  the 
ground  and  the  lowness  of  the  sun  in  the  horizon,  burning  rather 
than  ripening,  which  causes  this  unevenncss.  In  May,  if  the 
Newnan  is  allowed  to  become  purple  ripe,  it  is  more  passable, 
but  still  requires  generous  treatment  with  sugar. 

The  Newnan  is  not  as  large  a  berry  and  not  as  productive  as 
the  Cloud  and  the  Lady  Thompson ;  it  is  not  as  handsome  as  the 
Hoffman;  not  as  early  as  the  Hoffman  and  the  Lady  Thompson; 
and  the  plants  are  not  as  vigorous  growlers  as  either  of  the  two 
first  above  mentioned;  yet  its  all-round  good  qualities  make  it 
very  popular,  especially  in  North  Florida,  where  it  constitutes 
the  bulk  of  the  plantings,  though  in  South  Florida  it  divides 
])opular  favor  to  a  somewhat  greater  extent  with  other  varieties. 

OTHER  VARIETIES. 

The  Cloud  is  a  fine  large  berry,  the  plant  is  a  vigorous 
grower  and  prolific,  but  it  is  a  pistillate  or  imperfect  bloomer  an<l 
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must  'be  planted  in  the  vicinity  of  some  perfect  bloomer.  It  is 
customary  to  set  a  bed  of  Clouds  and  a  bed  of  Newnans  in  al- 
ternation,or  Clouds  in  the  middle  of  the  bed  and  Newnans  around 
the  outside.  The  Cloud  is  perhaps  less  hardy  to  resist  drouth 
than  the  Newnan,  and  in  ordinary  seasons  it  does  not  fruit  as 
late.  Being  a  pistillate  bloomer  and  therefore  destitute  of  pol- 
len, it  does  not  suffer  from  the  attacks  of  the  thrips  as  much  as 
the  Newnan,  since  that  insect  seems  to  have  a  special  fondness 
for  feeding  on  the  pollen,  stamens  and  petals  of  the  bloom. 

The  Hoffman  is  a  long,  sharply  conical,  almost  purple,  rich- 
looking  berry,  usually  commanding  the  highest  prices  in  the 
market,  but  deceptive  in  flavor,  not  coming  up  to  its  promise. 
It  is  not  as  popular  in  Florida  as  among  the  Charleston  grow- 
ers; it  requires  a  rich  soil  to  bring  out  its  beauties  to  perfection. 
It  does  not  hold  out  well  against  the  spring  drouth  in  this  State; 
it  falls  off,  if  it  does  not  altogether  cease  to  bear,  several  days  be- 
fore the  shipping  season  should  close.  It  is  well  enough  to  have 
a  few  beds  of  Hoffmans,  highly  fertilized,  to  catch  the  earliest 
and  highest  prices. 

The  Lady  Thompson  is  comparatively  a  newcomer,  but  it 
has  scored  a  few  remarkable  successes.  It  is  prolific  in  a  high 
degree  and  of  an  agreeable  flavor;  its  greatest  fault  is  its  light 
color.  This  renders  it  unpopular  in  Boston,  while  in  New  York 
and  Philadelphia  it  is  said  to  have  secured,  for  careful  growers 
and  shippers,  some  very  flattering  returns.  It  is  a  fruit  for  pains- 
taking men ;  careless  growers  should  let  it  alone. 

DEGENERATION  OF  STOCK. 

The  wTiter  does  not  believe  that  strawberry  plants  neces- 
sarily deteriorate  in  the  climate  of  Florida,  but  that  they  actual- 
ly do  so  in  most  instances  can  not  be  denied.  This  is  chiefly  a 
result  of  careless  pioneer  methods  of  propagation  and  cultivation. 
The  same  plants  are  generally  compelled  to  produce  both  fruit 
ami  runners,  which  is  very  much  the  same  as  the  "treatment  ac- 
corded by  some  of  the  peasants  of  Europe  to  their  cows,  which 
they  require  to  supply  milk  and  at  the  same  time  labor  in  the 
furrow.  It  is  true  that  in  a  state  of  nature  the  strawberry  plant 
propagates  itself  by  both  methods — ^by  seed  and  by  runners,  and 
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in  a  wild  condition  it  probably  does  not  strain  itself  by  so  doing. 
But  in  a  cultivated  state  it  must  be  remembered  that  the  fruit- 
ing aptitude  has  been  enormously  stimulated,  even  to  such  an 
extent  that  plants  sometimes  kill  themselves  in  a  single  season  by 
their  excessive  fruitfulness,  and  that  too  when  they  are  not  al- 
lowed to  produce  runners. 

MAINTAINING  THE  VITALITY. 

It  has  been  repeatedly  demonstrated  in  Florida  that,  by 
careful  management,  the  vitality  of  plants  may  be  maintained  at 
a  high  standard  through  several  seasons  and  even  through  suc- 
cessive generations.  For  instance,  if  plants  are  allowed  to  es- 
cape into  fallow  ground,  provided  it  is  not  too  heavily  seeded 
with  crab  or  other  grasses,  and  to  run  wild  for  a  season  or  two, 
it  is  observed  that  their  runners  take  on  a  heightened  stamina. 
They  seem  to  recover  some  of  the  freshness  and  robustness  of 
nature,  through  the  survival  of  the  fittest — the  weaker  ones  per- 
ishing from  neglect.  This  operation  obeys  the  same  laws  as 
those  observed  bv  the  skillful  breeder  of  live  stock,  who,  how- 
ever  pampered,  housed  and  blanketed  he  may  keep  his  show  ani- 
mals, allows  his  breeding  herds  and  flocks  to  run  afield,  *'rough- 
ing  it"  more  or  less,  whereby,  though  their  coats  may  become 
somewhat  shaggy,  they  acquire  the  ruddy  skins  and  the  robust 
muscles  of  perfect  health. 

It  is  a  matter  of  great  importance  not  to  cultivate  strawber- 
ries year  after  year  on  the  same  land  until  it  becomes  "straw- 
berry sick.''  This  is  one  of  the  most  fruitful  causes  of  the  degen- 
eration and  "running  out*'  of  varieties  which  we  find  occurring 
in  the  older  strawberr}'  sections  of  the  State. 

ANOTHER  METHOD. 

Tlic  vitality  of  plants  may  be  preserved  much  longer  than 
it  generally  is,  perhaps  indeiiiiitely,  if  tliey  are  well  cultivated  and 
fertilized  and  not  allowed  to  produce  fruit.  To  this  end  the  blos- 
soms or  the  young  fruits  should  be  systematically  pulled  off.  and 
the  earlier  in  their  development    the  better.     The    formation    of 
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seed  is  the  highest  function  of  fruit  production,  it  makes  a  heavier 
demand  on  the  vitality  of  the  plant  than  anything  else  connected 
with  its  growth  and  development;  hence  if  every  flower  is  pulled 
off  as  soon  as  it  appears  or  even  before  it  opens,  the  plant  will 
have  a  reserve  of  life. force  to  bestow  upon  its  successors,  the  run- 
ners. It  will  augment  still  more  this  reserve  if  the  runners  are 
not  permitted  to  spin  out  too  long.  They  should  be  clipped  off 
after  they  have  taken  root  five  or  six  times.  Each  plant  in  suc- 
cession, as  we  recede  from  the  parent  stock,  is  weaker  and  more 
spindling. 

IMPORTING  PLANTS  FROM  NORTHERN  LATI- 
TUDES. 

In  the  several  ways  above  mentioned  the  stamina  of  the 
plants  might  be  preserved,  perhaps  indefinitely,  but,  unfortunate- 
ly, few  growers  have  yet  been  discovered  in  Florida  who  will 
take  the  necessary  pains.  In  the  first  place,  it  requires  a  resolute 
man  to  pluck  off  and  throw  away  fruit  when  he  has  been  waiting 
for  a  whole  year  for  something  to  pay  his  store  bills  with,  and 
that  too  at  a  season  of  the  year  when  fruit  is  generally  bringing  . 
fancy  prices.  During  the  shipping  season  the  growers  are  busy 
and  excited  over  the  kaleidoscopic  changes  in  market  prices,  and 
few  can  be  found  willing  to  bring  their  minds  down  to  the  pro- 
saic labor  of  cultivating  plants.  After  the  shipping  season  is 
over,  everybody  is  exhausted,  and  it  is  only  a  very  energetic 
manwho  is  willing  to  resume  at  once  the  treadmill  routine  which, 
to  insure  success,  must  continue  practically  the  year  round.  The 
rush  of  the  strawberry  shipping  season  is  feverish,  its  fascina- 
tions are  great,  and  this  same  cause  which  makes  strawberry 
"specialists  poor  and  infrequent  growers  of  general  garden  and 
field  crops  also  has  the  eflfect  of  making  them  neglectful  of  the 
plants  at  this  time  except  to  strip  them  as  rapidly  as  possible  of 
their  money -yielding  berries. 

Hence  when  planting  time  approaches  many  grower^  find 
themselves  with  badly  depleted  beds,  hundreds,  perhaps  thou- 
sands of  plants  dead.  Their  best  resource,  then,  if  within  their 
reach,  is  to  send  to  a  more  northerly  situation  for  a  fresh  stock, 
for  it  is  the  case  with  strawberries  as  with  Irish  potatoes  that  a 
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resort  to  higher  latitudes  for  seed  secures  a  fresh  infusion  of  vi- 
tality. It  is  not  necessary  to  go  any  further  north  than  the  pied- 
mont region,  or  the  extreme  lower  foothills  of  Alabama  ro  Geor- 
gia, wh>ere  the  clay  of  the  flanks  of  the  Appalachian  chain  breaks 
down  into  the  vast  wire-grass  flats  of  the  coast  region.  And  it  is 
highly  probable  that  the  advantage  gained  here  arises  more  from 
the  clay  soil,  with  its  greater  natural  supplies  of  potash,  than 
from  the  inconsiderable  difference  in  latitude  between  North 
Florida,  for  instance,  and  the  region  directly  north  of  Mobile. 
A  still  more  marked  advantage  is  gained  by  importing  plants 
from  the  piedmont  regions  of  North  Carolina;  for  in  this  case 
there  is  not  only  a  better  soil  but  an  important  gain  in  latitude. 
That  the  higher  latitude  is  not  the  principal  element  of  su- 
periority in  northern  regions  is  proven  by  the  fact  that  straw- 
berry plants  imported  from  States  north  of  the  Potomac  and  the 
Ohio  are  almost  universally  a  failure  in  Florida.  The  simple 
fact  is.  take  the  Newnan  or  any  other  variety  acclimated  in  Flor- 
ida, carry  it  up  to  the  edge  of  the  clay  foothills  and  grow^  it  there 
even  one  year,  then  return  it  to  Florida  and  it  will  be  found  to 
have  received  an  important  accession  of  vigor. 

TO  PRESERVE  OLD  PLANTS  THROUGH  THE 

SUMMER. 

In  some  instances  it  is  worth  while  to  preserve  through  the 
summer,  plants  which  have  fruited  once;  in  other  cases  it  is  not. 
In  another  paragraph  the  importance  of  bringing  plants  from  a 
more  northerly  section  was  explained,  it  is  there  shown  that  it  is 
unprofitable  to  cultivate  continuously  the  plants  grown  in  Flor- 
ida. The  considerations  there  given  will  decide  the  planter 
whether  or  not  to  hold  his  stock  over  and  fruit  it  another  year. 

If  he  decides  to  do  so,  very  soon  after  the  picking  season  is 
ended  the  mulching  should  be  raked  off  and  the  beds  should  be 
hoed  out.  Leave  all  the  trash  lying  where  it  grew,  and  if  there 
is  not  enough  of  it  to  shade  the  ground,  throw  back  some  of  the 
mulching. 

As  the  strawberry  plant  practically  grows  all  winter  in  Flor- 
ida, it  must  have  a  season  of  rest  sometime  during  the  year. 
That  season  is  in  midsummer.    It  does  not  want  to  be  cultivated 
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then;  it  ought  to  be  let  alone  and  allowed  to  lie  dormant.  At 
this  time  the  life  of  the  plant  retreats  into  the  central  bulb.  All 
its  roots  die  and  turn  black.  Only  a  thin  and  feeble  plume  of 
leaves  remains  to  show  that  there  is  any  life  left  in  the  plant  at  all. 
In  this  puny  condition  one  can  often  kick  out  with  the  toe  of 
one's  shoe,  what  in  the  spring  was  a  vigorous  plant  firmly  an- 
chored to  the  ground  and  yielding  a  good  crop  of  berries. 

At  this  time  therefore,  k  does  not  need  to  be  cultivated,  be- 
cause cultivation  would  keep  it  in  a  state  of  semi-activity,  drag- 
ging along  through  the  "rainy  season"  and  emerging  in  the  fall 
with  a  spent  vitality,  unable  to  recover  itself  and  produce  a  good 
crop.    The  hoeing  above  mentioned  is  not  to  constitute  a  cultiva- 
tion but  a  simple  scalping  of  the  ground,  cutting  off  the  w^eeds  at 
the  surface.    The  nearer  the  plant  can  be  allowed  to  lapse  into 
a  condition  of  perfect  dormancy,  the  better  it  will  be  for  it  in  the 
fall.    Plants  cultivated  all  summer  will  give  a  delusive  promise 
in  autumn,  only  to  break  down     completely  w-hen  the  fruiting 
season  arrives. 

In  this  feeble  condition  it  require^  protection  from  the  sun. 
H  mulching  can  be  retained  on  the  ground  without  breeding  de- 
structive vermin,  this  will  be  a  help;  it  keeps  the  ground  cool. 
If  mulching  is  out  of  the  question  it  is  better  to  let  the  weeds 
and  grass  grow  to  some  extent.  Of  course,  the  crabgrass  can 
"ot  be  allowed  to  have  its  own  wav  unchecked,  or  else  it  will 
speedily  smother  to  death  the  enfeebled  plants.  These  must 
have  access  to  the  sun  but  they  want  a  modified  sunlight.  A 
thin  row  of  com  about  every  four  feet  or  one  of  rice  every  three 
f^ct  will  help  to  protect  the  strawberry  plants.  But  these  protec- 
tors must  be  removed  gradually  in  the  fall,  or  else  the  sudden 
change  will  destroy  the  plants.  The  writer  has  seen  a  hedge  of 
yog-fennel  growing  in  the  dead  furrow  between  the  beds  preserve 
'"  good  condition  the  plants  as  far  out  as  the  shade  extended, 
^^'"'le  those  left  to  the  tender  mercies  of  the  crab  grass  perished. 
A  neat  farmer  would  condemn  these     hedges  of  dog-fennel  as 

slovenly,  but  he  might  do  worse  than  by  tolerating  them. 

Running  through  the  rows  once  in  three  or  four  weeks,  w^ith 
a  Cole  garden  sweep,  roughly  scalping  and  cutting  the  thickest 
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patches  of  grass,  is  advisable.    But  let  everything  be  done  with- 
out stirring  the  soil. 

IN  LIGHT  SOILS. 

There  may  be  cases  where  strawberry  culture  would  pay  for 
a  home  supply,  on  soils  so  light  and  sandy  that  it  would  be  well 
nigh,  if  not  quite,  impossible  to  preserve  plants  alive  during  the 
summer.  The  bearing  season  is  so  long  in  Florida  and  the  value 
of  a  supply  of  fresh  berries  for  the  table  every  day  in  the  late  win- 
ter and  spring  is  so  g^eat,  both  from  an  economic  and  a  hygienic 
standpoint,  that  the  grower  could  afford  to  purchase  a  few 
hundred  plants  afresh  every  fall.  But  we  doubt  whether  straw- 
berry culture  for  commercial  purposes  would  pay  on  soils  so 
light  that  the  plants  would  wholly  perish  every  summer. 

RAISING  RUNNERS. 

The  greatest  enemy  to  strawbem-  plants  in  this  State  is  the 
crab  grass,  and  this  also  interposes  the  most  serious  difficulty 
which  is  encountered  in  raising  runners.  For  this  purpose  it  is 
best  to  select  a  piece  of  land  which  has  not  been  long  enough  un- 
der cultivation  to  become  seeded  to  crab  grass.  A  piece  of  wire 
grass  sod,  just  inverted,  would  afford  perfect  exemption  from 
this  pest,  but,  unfortunately,  the  strawberry  will  not  vine  well  on 
raw  land.  It  will  throw  out  runners  to  some  extent  if  the  sod  is 
well  treated  with  quick  lime  or  fresh  hardwood  ashes;  still  it  is 
generally  advisable  to  plant  land  which  has  been  a  year  or  two 
in  cultivation,  even  though  it  may  have  a  little  crab  grass. 

For  the  propagation  of  runners  it  is  advisable  to  set  the  par- 
ent plants  as  early  as  March  or  even  February.  The  ground  is 
then  cool,  very  few  perish,  they  take  root  and  grow  off  rapidly. 
Runner  plants  formed  in  the  spring  or  early  summer  may  be  al- 
lowed to  stand  a  month  or  two;  thev  thereby  mature  and  their 
roots  lose  their  white,  fresh  appearance  and  that  tenderness 
which  makes  them  so  perishable  when  transplanted.  The  novice 
will  generally  reject  these  dark-rooted  plants  as  being  too  old,and 
eagerly  purcha^^e  the  white-rooted  ones;  but  unless  he  is  pre- 
pared to  remove  them  with  earth  on  or  to  shade  and  water  them 
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with  assiduous  care,  he  will  make    a  mistake  in  this  selection. 
The  dark-rooted  plants  will  live  when  others  will  die. 

The  method  of  bedding  is  elsewhere  described.  Run  out  a 
furrow  wth  a  hand-plow,  strew  in  it  a  mixture  of  four  parts  cot- 
ton seed  meal  (by  weight)  with  one  part  fifty-per-cent  sulphate 
of  potash  at  the  rate  of  five  or  six  hundred  pounds  per  acre.  Run 
another  furrow  close  alongside  covering  up  the  fertilizer  and  set 
the  plants  in  this  last  furrow.  Firm  the  earth  well  around  them 
with  the  feet  as  a  protection  against  the  customary  spring 
drouth.  As  soon  as  they  are  established  and  begin  to  grow,  run 
around  them  with  a  garden  sweep  (Cole's  is  best),  carefully  pick 
out  all  weeds  lurking  around  them  and  lightly  hoe.  In  a  week 
or  ten  days,  unless  it  is  very  dry  and  threatening  drouth,  plow 
deep  and  close  to  the  plants.  The  deepest  stirring  should  be  the 
first,  before  roots  have  been  formed ;  then  go  shallower  each  cul- 
tivation as  the  surface  feeders  are  thrown  out.  Always  weed 
thoroughly:  turn  up  the  leaves  and  pull  out  all  sneaking  intrud- 
ers. If  allowed  to  remain  and  grow  until  they  reveal  their  pres- 
ence above  the  plants,  they  disturb  the  latter  more  when  pulled 
out  and  they  bring  away  with  them  a  quantity  of  fertilizer  which 
they  have  stolen — a  clear  waste. 

After  the  last  cultivation  has  been  given  the  runners  should 
be  straightened  out  and  distributed  around  over  the  ground  so 
that,  as  they  take  root,  the  young  plants  shall  not  be  crowded  to- 
gether in  bunches. 

Where  old  plants  are  used  for  the  propagation  of  runners, 
the  fniit  should  be  kept  picked  off  until  the  end  of  the  bearing 
season;  6therwise  it  will  fall  down  around  the  plants,  rot  and  the 
seeds  will  spring  up,  producing  seedlings  which  may  be  totally 
unlike  the  parent  plant  and  worthless. 

IF  OLD  LAND  IS  USED, 

It  is  best  to  continue  the  cultivation  of  it  severely  until  about 
the  middle  of  July,  regardless  of  the  runners  that  may  start  out. 
By  this  time  most  of  the  crab  grass  seed  which  may  be  in  the 
ground  will  have  germinated  and  the  young  grass  plants  will 
have  been  destroyed,  so  that  when  the  cultivation  ceases  there 
will  be  little  left  to  come  up.    If  the  cultivation  is  discontinued  as 
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soon  as  the  runners  begin  to  shoot  out,  the  crab  grass  will  grow 
so  rapidly  that  it  will  swamp  tlie  young  plants  unless  a  large 
amount  of  hand-weeding  is  done.  The  Planet  Jr.  cultivator  has 
an  adjustable  fender  which  lifts  the  runners  to  one  side  and  en- 
ables the  cultervation  to  be  performed  without  covering  up  the 
ends  of  them  with  the  furrow-slice. 

It  is  very  important  to  stir  the  ground  deeply  in  which 
plants  are  to  be  grown,  and  this  is  especially  the  case  when  it  has 
been  compacted  by  the  repeated  tramping  of  the  pickers.  If  the 
ground  is  left  hard  the  tender,  white  rootlets  of  the  young  plants 
can  not  penetrate  it  to  any  depth;  they  spread  out  near  the  sur- 
face, stunted  and  feeble;  and,  even  if  the  plants  acquire  sufficient 
volume  to  promise  well,  they  are  very  unsatisfactory  because 
their  roots  are  so  short  that  they  quickly  dry  out  and  die  when 
transplanted.  On  the  other  hand  if  the  ground  is  kept  mel- 
low the  roots  run  down  long  and  vigorous  and  such  plants  can 
be  set  with  much  more  confidence  that  thev  will  survive. 

It  is  very  essential  also  to  keep  the  grass  and  weeds  sub- 
dued on  the  runner-bed,  for  if  the  young  plants  are  compelled  to 
grow  up  tall  and  spindling  to  reach  the  sunlight  they  are  tender 
when  transplanted;  they  fall  over  helpless,  do  not  shade  and 
keep  the  ground  cool  around  their  own  roots,  and  quickly  perish. 

Plants  grown  on  clean  land  are  short,  stocky  and  vigorous. 

DIGGING  AND  SHIPPING  PLANTS. 

As  much  of  this  is  done  in  the  heat  of  the  summer  it  is  nec- 
essary to  handle  and  pack  the  plants  very  carefully  or  they  will 
either  dry  out  or  else  become  heated  and  spoiled.  To  dig  them 
strike  a  prong-hoe  into  the  ground  as  deep  as  the  roots  extend, 
pry  and  loosen  it  up.  Pull  them  out  without  breaking  the  roots 
unnecessarily,  pinch  off  all  runners  which  are  over  three  or  four 
inches  long,  plunge  them  into  a  bucket  of  water  and  place  them 
at  once  in  the  shade.  Have  a  box  with  a  saw-cut  in  each  end 
deep  enough  to  hold  a  string,  and  stretch  the  string  across  about 
three  inches  from  the  side  of  the  box.  Lay  the  dampened  plants 
across  the  string  with  their  roots  against  the  side  of  the  box;  this 
will  give  the  bunches  a  neat,  even  appearance.  Tie  them  into 
bunches  of  50,  100  or  200,  according  to  their  size.     In  coolish 
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weather  they  may  be  shipped  safely  in  a  box  just  deep  enou8:h 
to  receive  the  bunches  placed  on  end,  standing  on  a  generous 
layer  of  dampened  sphagnum  moss.  Crowd  them  in  as  tight  as 
they  can  possibly  be  crowded,  to  prevent  drying  out,  then  nail 
slats  across  the  top  of  the  box,  with  spaces  of  an  inch  between 
them  to  give  ventilation. 

If  the  weather  is  dry  and  hot  and  the  distance  is  considerable 
greater  precautions  must  be  observed.  Pack  the  bunches  in  a 
barrel,  a  half-barrel  or  a  box,  laying  them  on  their  sides  with  the 
roots  inside.  Have  a  log  or  a  section  of  stove  pipe  extending 
down  through  the  middle  of  the  package.  When  the  box  or  bar- 
rel is  full,  withdraw  the  stove  pipe  and  cram  the  space  w^hich  it 
occupied  full  of  dampened  moss.  The  package  may  then  be 
closed  up  tight  with  the  exception  of  a  few  auger  holes  here  and 
there  to  give  ventilation. 

TURNING  UNDER  OLD  BEDS. 

It  is  very  seldom  that  it  will  prove  profitable  to  retain  a  bed 
of  plants  more  than  two  years,  though  the  writer  did  once  keep 
nearly  his  entire  plantation  three  years  and  harvested  the  third 
year  a  heavier  crop  than  in  either  of  the  preceding  years.  But 
the  berries,  though  'in  immense  numbers  in  the  wide-spreading 
plants — some  of  them  almost  as  wide  as  a  straw  hat — averaged 
ver\'  small  and  the  losses  in  sorting  were  consequently  heavy. 
Subsequent  experience  has  confirmed  me  in  the  belief  that  a  care- 
ful, energetic  grower  can  turn  his  beds  under  every  spring  and 
replant  them  outright  in  the  fall  more  cheaply  than  he  can  fight 
crab  grass  all  summer,  laboriously  scrape  and  pick  it  out  of  the 
beds  in  the  fall  and  refill  the  many  missing  places.  To  adopt 
this  bold  course  of  turning  his  beds  under  every  spring,  he 
should  make  sure  of  a  generous  provision  of  vigorous  young 
plants  early  in  the  fall  or  late  summer;  then  he  may  do  it  fear- 
lessly. 

Take  a  three-horse  sulky  plow  of  the  Canaday  or  other  equally 
good  pattern  atid  with  it  split  each  bed  in  the  middle,  throw'ing 
half  of  it  each  way.  A  good  plow  man  will  lay  the  furrow-slices 
over  one  on  the  other  as  even  and  regular  as  the  courses  on  the 
side  of  a  weatherboarded  house.    Sow  the  beds  in  cow  peas  and 
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run  over  it  a  few  times  with  a  cutaw^ay  harrow  to  cover  the  peas. 
If  the  weather  is  very  dry  it  is  well  to  roll  the  ground.  A  good 
enough  roller  can  be  manufactured  by  the  grower  himself  from 
a  pine  log  about  eighteen  inches  in  diameter,  set  in  a  frame-work 
with  a  bench  above  it  on  which  the  driver  can  ride  to  give  it 
greater  weight. 

The  attempt  to  turn  under  a  mass  of  weeds  and  grass, 
mulching  and  plants  with  a  one-horse  plow  is  one  of  the  most 
unsatisfactory  and  exasperating  labors  on  the  farm;  but 
with  a  large  heavy  plow,  as  above  described,  it  can 
be  done  to  perfection.  After  the  cow  peas  have  been 
removed,  split  the  beds  again  and  reverse  them,  thus 
making  the  dead-furrows  or  allews  where  they  were  before. 
By  this  time  the  mulching  and  old  plants  turned  under  will  have 
mostly  rotte<l  and  imparted  their  juices  to  the  soil  to  benefit  the 
coming  strawberry  crop. 

CLEANING  UP  OLD  BEDS. 

Along  in  the  latter  part  of  August  in  North  Florida  (a  month 
or  six  weeks  later  in  South  Florida),  the  grower  must  decide 
whether  it  will  be  more  profitable  to  clean  up  his  old  beds  or 
plow  them  up  and  plant  anew.  This  question  will  be  decided  by 
the  condition  of  the  old  stand  and  his  supply  of  young  plants. 
If  half  the  plants  are  dead  he  had  better  plow  the  beds  down, 
first  removing  the  most  vigorous  of  the  old  plants,  to  be  divided 
and  reset,  and  the  best  of  the  runners.  If  there  is  over  half  a 
stand,  it  will  probably  pay  to  clean  up  the  beds  and  refill  the 
missing  places. 

To  do  this  hoe  the  grass  off  at  the  surface  and  pull  it  out  of 
the  stools,  leaving  it  to  lie  where  it  stood  for  several  days.     If 
removed  at  once  the  sun  may  heat  the  earth  to  such  a  degree  as 
to  kill     many  of  the     plants.     Old    plants  which    are  vigorous 
enough  to  be  worth  saving  over  another  year  do  not  require  any 
further  cultivation  at  this  time;  the  simple  killing  of  the  grass, 
giving  the  plants  the  benefit  of  all  the  sunshine  and  of  the  moist- 
ure in  the  soil,  will  be  all  they  need  until  October  perhaps.    But 
the  missing  places  should  be  refilled  as  soon  as  the  beds  are  raked 
off. 
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If  there  are  many  thrifty  young  plants  scattered  about  in 
the  grass  it  will  be  worth  while  to  save  them,  unless  the  grower 
has  an  abundance  in  his  runner-beds.  To  do  this  it  will  be  nec- 
essary to  pull  out  a  good  deal  of  the  grass.  Shake  the  earth  from 
it  and  return  it  to  the  ground  where  it  stood.  In  a  week  or  ten 
days  it  may  be  raked  off;  the  plants  will  by  this  time  have  be- 
come accustomed  to  the  change  so  that  they  can  endure  the  full 
sunlight. 

PLOWING  FOR  NEW  BEDS. 

If  new  land  is  chosen,  the  raw  \vire  grass  sod  should  be 
broken  up  the  winter  before  hand,  though  the  plowing  may,  if 
necessary,  be  deferred  until  the  picking  season  is  over,  or  even  to 
the  beginning  of  the  "rainy  season,"  if  a  good  application  of  lime 
or  potash  is  made  to  correct  the  native  acidity  of  the  soil.  The 
plowing  should  be  done  with  a  powerful  team,  turning  the  sod 
over  at  least  eight  inches  deep,  followed  by  a  man  with  an  ax  to 
chop  out  the  roots  left  in  clearing.  Native  farmers  oppose  such 
deep  plowing  for  the  first  time,  on  account  of  the  sourness  of  the 
sub-soil  (and  their  argument  is  correct  if  no  application  is  made 
to  correct  this  sourness),  but  the  lime  removes  this  objection. 
Besides  that,  a  considerable  depth  of  loose  soil  is  needed  to  make 
'^  mellow  bed,  as  it  is  difficult  to  cut  up  the  tough  sod  sufficiently 
fine  to  receive  plants.  It  is  best  to  bury  it  deep  down  and  to  use 
"0  implement  in  the  subsequent  cultivation  that  will  bring  any 
pieces  of  it  to  the  surface. 

Plow  the  sod  into  beds  twelve  or  fourteen  feet  wide,  slice 
them  very  thoroughly  with  the  disc  or  cutaway  harrow,  length- 
ways and  crossways.  Plow  out  the  dead-furrows  a  second  time 
and  throw  the  loose  earth  over  the  beds  to  assist  in  forming  a 
mellow  surface.  Sow  lime  over  it  at  the  rate  of  fifteen  or  twen- 
ty barrels  to  the  acre.  Caustic  lime  freshlv  slacked  is  better  than 
the  air-slacked;  stone  lime  is  better  than  oyster  shell  lime.  This 
should  be  done  in  the  rainy  season  to  give  the  show^ers  an  op- 
portunity to  wash  the  lime  down  and  "sweeten"  the  soil.  Then 
let  the  beds  stand  two  or  three  weeks — depending  on  the  amount 
of  rainfall — for  if  plants  are  set  sooner  than  that  the  lime  may 
burn  one  here  and  there. 
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PLOWING  UNDER  VEGETABLE  MATTER. 
If  old  beds  are  to  be  plowed,  the  question  arises,  How  much 
vegetable  matter  is  it  advisable  to  turn  under?  We  have  not 
space  here  to  enter  into  a  discussion  of  the  humus  question  in  all 
its  bearings.  Unquestionably  the  thin,  sandy  soils  of  Florida 
need  decayed  vegetable  matter  or  humus,  but  it  is  extremely  in- 
jurious to  strawberry  plants  to  set  them  over  a  mass  of  green 
vegetation,  whether  cow  peas  or  crab  grass,  recently  plowed  un- 
der. In  fact,  this  should  not  be  plowed  down  any  time  in  hot 
weather,  as  it  sours  and  deadens  the  soil  for  a  year  or  more  af- 
terward. (In  the  spring  plowing  above  described  the  mulching 
and  the  dried  up  plants  are  not  injurious  to  the  land).  There- 
fore, at  the  time  of  the  summer  or  fall  plowing,  everything  on  the 
surface  should  be  mown  off  close,  leaving  only  a  short  stubble 
to  be  plowed  down.  We  have  known  a  mass  of  cow  peas  plowed 
under  to  sour  the  land  to  such  a  degree  that  strawberry  plants 
set  over  it  yielded  practically  nothing,  and  it  was  two  years  be- 
fore the  land  recovered  its  tone  and  vigor. 

BEDS  OR  FLAT  CULTURE. 

Strawberries  are  grown  in  Florida  by  various  systems,  from 
a  bed  containing  a  single  row  up  to  those  with  eight  or  ten  rows, 
and  without  any  bedding-up,  the  flat  culture.  The  adaptability 
of  each  svstem  must  be  determined  bv  the  character  of  the  soil. 
The  best  strawberry  soil  is  found  in  a  good  class  of  flatwoods; 
and  of  this  there  is  a  good  deal  which  *Vuns  together"  in  a  rain 
and  dried  out  with* a  crust.  Such  land  will  produce  an  excellent 
crop  of  berries  if  it  is  broken  up  afresh  every  fall,  and  frequently 
it  is  almost  impossible  to  secure  a  good  crop  from  it  without. 
On  wide  beds  in  this  sort  of  land  one  will  frequently  see  the  out- 
side row  flourishing  quite  beyond  any  other  one  on  the  bed,  not- 
withstanding the  fact  that,  being  on  the  outside,  it  receives  only 
half  as  much  fertilizer  as  the  inside  rows.  This  superiority  is  un- 
doubtedly due  to  the  better  drainage  and  to  the  consequent  light 
and  friable  nature  of  the  soil.  Indeed,  if  one  of  these  outside 
plants  is  pulled  up,  it  will  be  found  that  a  large  majority  of  its  fine 
feeding  roots  are  on  the  bank-slope,  growing  close  to  the  surface, 
where  they  can  enjoy  the  sunshine  and  not  be  lacerated  bv  culti- 
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valion.  In  such  land  therefore  a  just  medium  should  be  ob- 
served. If  the  beds  are  too  wide  the  water  does  not  run  off 
readily  after  heavy  rains  and  the  inside  plants  are  stunted;  if 
they  are  too  narrow  they  dry  out  and  it  is  difficult,  in  setting 
plants,  to  make  them  live  unless  the  weather  is  showery. 

Narrow  beds  do  not  retain  mulching  well  in  a  high  wind. 
Narrow  beds  are  best  in  a  wet  season,  in  a  dry  season  they  suffer 
most  from  the  drouth.  Still,  on  the  whole,  it  is  advisable  to  plant 
a  few  two-row  beds  to  furnish  early  berries. 

All  beds  should  be  full  in  the  middle,  sloping  evenly  to  the 
edges  so  that  no  water  shall  collect  and  stand  in  hollows.  This 
is  a  very  important  item  in  making  the  bed.  We  have  known  a 
row  midway  of  one  side  of  the  bed,  on  account  of  bad  drainage, 
to  produce  not  over  fifty  per  cent  as  much  as  an  outside  row  or 
the  one  on  the  central  ridge. 

On  a  bed  running  east  and  west  the  side  sloping  to  the  south 
will  produce  more  and  earlier  berries  than  the  side  sloping  to  the 
north. 

On  dry,  light  lands,  especially  in  South  Florida,  it  is  best  to 
pursue  the  svstem  of  flat  culture. 

MAKING  THE  BEDS. 

Where  the  plowing  was  well  done,  as  above  described,  and 
the  cutaway  harrow  and  roller  employed,  the  amount  of  hand- 
work required  is  reduced  to  a  minimum.  Still,  the  grower  should 
walk  up  and  down  several  times  and  survey  the  beds  critically, 
garden  rake  in  hand,  to  determine  the  situation  of  any  inequal- 
ities  and  remove  them.  The  beds  should  lie  a  week  or  two,  then 
the  rain  will  settle  and  firm  them  and  point  out  unerringly 
where  the  hollows  are.  All  roots  and  sticks  should  be  collected 
into  piles  and  burned.  All  pieces  of  sods  should  be  raked  off  into 
the  ditch;  they  interfere  with  the  stretching  of  the  line  in  setting 
plants. 

MARKING  OFF  BEDS. 

On  deep,  rich,  mellow  land,  plants  may  be  set  in  rows  20  to 
24  inches  apart,  and  15  inches  in  the  row:  on  thinnish  land,  18 
inches  apart  and  a  foot  in  the  rows.    Hill  culture  is  universal  in 
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Florida;  matted  rows,  as  in  the  North,  could  not  be  managed  on 
account  of  the  prevalence  of  crab  grass.  The  plants  also  need 
to  be  isolated  so  that  the  sun  may  be  able  to  shine  on  all  sides  of 
them  and  color  the  berries,  which  is  not  so  readily  accomplished 
in  March  as  in  June. 

For  a  punch  a  round  pointed  wooden  stake  will  answer.  If 
the  grower  can  not  judge  distances  readily  by  the  eye  he  had  bet- 
ter construct  a  four-pointed  punch — the  points  12  or  15  inches 
apart,  as  desired,  and  mortised  into  a  bar  upon  which  he  can  step 
to  thrust  them  into  the  ground.  The  points  should  be  steel,  to 
prevent  damp  earth  from  adhering  to  them;  about  three  inches 
wide  and  six  inches  long,  wedge  shaped. 

For  a  marker,  take  four  inch-boards  about  two  feet  long  and 
six  inches  wide,  shape  them  like  sled-runners  and  fasten  to  a 
frame-work,  18  to  24  inches  apart,  as  desired,  to  be  pushed  or 
pulled  by  a  handle,  making  slight  row  marks  in  which  to  set  the 
plants.  Stretch  a  line  near  the  outside  of  the  bed  and  run  the 
marker  by  this  the  first  time.  It  is  very  important  to  have  the 
rows  straight  for  convenient  and  rapid  cultivation.  If  the  rows 
are  straight  a  good  workman  with  a  neat  hand-plow  can  shave 
out  weeds  within  an  inch  of  the  plants,  thereby  saving  hand 
weeding. 

It  is  always  advisable  to  lay  off  a  bed  in  an  even  number  of 

rows.  Pickers  like  to  take  two  rows  at  a  time,  and  if  there  is 

an  odd  row  they  are  likely  to  skip  it  unless  closely  watched,  and 
thus  berries  will  be  overlooked. 

SETTING  PLANTS. 

The  strawberry  plant  under  different  weather  conditions 
behaves  very  differently.  In  the  cool  humid  atmosphere  of  a 
northeaster  in  September  it  will  live  if  thrown  on  the  ground. 
In  the  dry  hot  weather  of  October  it  will  generally  die  despite  all 
precautions  of  watering  and  shading.  The  conditon  of  the  at- 
mosphere is  all-important.  It  is  nearly  of  equal  importance  to 
keep  the  plants  constantly  dampened  and  bunched  snugly  in  a 
vessel  to  protect  them  from  the  sunshine.  When  the  sun  is 
shining  it  is  a  ruinous  policy  to  drop  them  along  the  rows  and 
let  them  lie  several  minutes  before  the  setters  reach  them.     A 
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better  plan  is  to  have  a  boy  insert  the  roots  of  the  plant  in  the 
hole  just  a  few  seconds  ahead  of  the  setter;  or  else  let  the  setter 
keep  a  vessel  of  plants  before  him  and  help  himself  to  them  one 
at  a  time. 

Some  growers  think  it  best  to  pull  the  leaves  off  the  plant 
before  setting;  others  hold  the  contrary  opinion.  This  is  really 
of  much  less  importance  than  the  condition  of  the  atmosphere 
and  the  ground  as  to  humidity.  We  favor  the  retention  of  the 
leaves,  since  they  shade  the  ground  and  thus  protect  the  plant 
somewhat. 

In  the  cool  of  the  evening  is  a  much  better  time  for  setting 
than  the  forenoon;  then  the  dew  is  beginning  to  fall,  the  atmos- 
phere is  cool  and  refreshing  and  the  plant  has  time  to  recover 
from  the  shock  before  morning.  It  would,  in  many  cases,  pay 
the  grower  to  employ  an  extra  hand  to  carry  a  lantern  and  set 
until  nine  o'clock,  rather  than  have  the  plants  put  out  at  nine 
o'clock  in  the  forenoon  free  of  charge. 

The  grower  must  not  allow  himself  to  be  deceived  even  by 
a  daily  shower.  There  are  times  in  July  and  August  when  a 
shower  falls  nearly  every  afternoon,  yet  the  forenoons  are  so 
hot  and  dry  that  fifty  to  ninety  per  cent  of  plants  set  then  will  per- 
ish inside  of  ten  days.  We  have  thought  sometimes  that  where 
the  strawberry  grower  is  not  naturally  "weather-wise"  it  would 
pay  him  to  keep  a  hygrometer,  an  instrument  for  measuring  the 
moisture  in  the  atmosphere. 

It  is  of  the  highest  importance  to  have  the  beds  well  settled 
and  firm  before  setting  begins,  so  that,  when  the  holes  are 
punched,  the  punch  will  leave  a  clean-cut,  smooth-walled  hole 
and  not  pull  up  and  loosen  the  earth.  To  enable  the  rootlets  of 
the  newly  set  plant  to  draw  moisture  and  keep  the  plant  living 
they  must  be  pressed  up  against  a  permanently  moist  surface. 
The  harder  the  bed  can  be  rendered  the  better — provided  it  was 
plowed  not  over  a  month  before — -for  after  the  plants  become  es- 
tablished it  can  be  loosened  up  again.  Hold  the  roots  of  the 
plant  against  the  firmest  side  of  the  hole  and  fill  in  with  moist 
earth ;  all  dry,  crumbly  soil  should  be  brushed  away  and  not  al- 
lowed to  fall  into  the  hole.  Tamp  the  earth  down  solid  clear  to 
the  bottom  of  the  hole ;  if  an  air-hole  is  left  it  will  dry  out  and 
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kill  the  plant.  Stamp  the  surface  down  with  the  foot  or  strike  it 
a  smart  blow  with  the  fist.  To  test  the  work  take  hold  of  a  leaf 
and  pull;  if  the  plant  is  properly  set  the  leaf  will  break  off  be- 
fore it  will  loosen  the  plant.  When  the  filling  in  is  completed 
the  bud  of  the  plant  should  be  just  on  a  level  with  the  surround- 
ing surface.  In  a  very  dry  time,  however,  it  is  well  to  set  .he 
plants  in  the  bottom  of  a  light  furrow  made  by  a  hand-plow, 
though,  when  a  shower  comes,  it  will  be  necessary  to  examine 
the  plants  to  see  if  any  have  become  sanded,  that  is.  the  buds 
covered  with  earth. 

It  is  a  mistake  to  have  a  large  quantity  of  roots  on  a  plant. 
They  make  a  loose  bundle  which  can  not  be  compressed  tight 
enough  to  exclude  the  air  and  they  will  dry  out;  w-hereas  a  few^ 
long  roots,  reaching  down  to  peVmanent  moisture,  can  be  so 
closely  packed  with  earth  that  they  can  not  dry  out  but  will  draw 
moisture  steadily  and  keep  the  plant  alive. 

TIME  OF  SETTING. 

The  grower  of  strawberries  for  the  earliest  markets  should 
beware  of  delay  in  setting.  Better  harvest  the  cow  peas  or  crab 
grass  when  half  grown,  prepare  the  beds  and  plant  rather  than 
wait  for  the  hay  crop  to  mature  and  thus  have  a  late  stand.  A 
small,  thin-foliaged  plant,  is  a  very  poor  piece  of  property  in  the 
spring  when  frosts  are  falling.  On  the  contrary,  a  large,  deep- 
grown,  powerful  plant,  set  in  July  or  August  and  encouraged 
by  constant  care  and  feeding  to  a  steadily  progressive,  un- 
checked development,  will,  in  time  of  frost,  protect  its  fruit  as  a 
brooding  hen  does  her  chickens.  We  can  not  write  too  emphat- 
ically on  this  subject.  The  frost  will  pierce  through  and  through 
ihe  weak,  small  plant  and  freeze  every  berry,  every  blossom; 
while  the  grand  plant,  fully  matured,  will  hide  away  dozens,  yes 
scores,  of  blooms  and  berries  in  its  voluminous  foliage  which 
the  frost  wnll  never  touch.  A  certain  proportion  on  the  outside 
may  be  frosted,  but  nothing  short  of  a  bitter  freeze  can  penetrate 
its  interior.     Such  are  the  benefits  of  early  planting. 

WATERING  AND  SHADING. 

The  best  way  to  water  before  planting  is  to  punch  the  holes 
and  fill    them  with  water;  when  this  has  soaked    awav  set  the 
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plants  as  above  described.  Watering  strawberry  plants  newly 
set  in  a  drouth  is  generally  labor  lost,  unless  there  is  an  irriga- 
tion plant,  enabling  the  growers  to  saturate  the  ground.  It  is 
usually  more  efficacious  to  set  the  plants  in  the  bottom  of  a  slight 
hand-plow  furrow  and  cover  each  one  with  a  shingle  or  a  dwarf 
palmetto  leaf,  sloping  close  down  over  it.  A  littl^  water  applied 
in  a  situation  like  this  will  help  a  considerable.  Do  not  pour  the 
water  down  a  foot  or  two  and  let  it  crust  and  harden  the  ground; 
hold  the  cup  clear  down  to  the  earth  and  allow  the  water  to  flow 
out.  A  crust  formed  by  the  beating  of  a  stream  of  water,  unless 
broken  up,  will  greatly  injure  the  plant,  if  it  does  not  kill  it. 

There  is  nothing  in  the  strawberry  industry  more  unsatis- 
factory and  exasperating  than  to  get  a  late  stand  and  then  to 
coddle  it  through  the  fall  drouth,  puttering  with  water  and  shade 
and  perhaps  with  pinches  of  nitrate  of  soda,  and  then  not  see  the 
plants  grow  a  single  leaf  in  a  fortnight,  perhaps  even  longer. 
On  the  other  hand,  plants  set  in  July  or  August  and  well-rooted 
before  the  drouth  begins,  will  grow  in  the  driest,  hottest  weather, 
grow  in  a  way  which  is  surprising  to  the  novice.  By  all  means 
let  the  grower  provide  an  abundant  supply  of  vigorous  plants, 
with  a  margin  for  losses,  and  then  get  an  early  start.  (See  para- 
graph on  South  Florida,  further  along.) 

SETTING  OLD  PLANTS. 

This  is  to  be  avoided  if  possible,  but  sometimes  it  is  neces- 
sar)'.  Vigorous  plants  not  over  two  years  old,  if  taken  up  early, 
divided  into  fingers,  properly  prepared  and  set  will  frequently 
fruit  about  as  well  as  young  plants. 

Before  the  new  fall  growth  sets  in  an  old  plant  is  nothing 
but  a  bulb;  it  has  no  live  feeding-roots  whatever.  This  bulb  is 
wTapped  up  in  a  quantity  of  dry,  leathery  husk.  The  feeding- 
roots  which  start  first  are  white  and  exceedingly  tender  and  frail. 
If  this  old,  tough  husk  is  not  removed  it  takes  them  a  long 
time  to  penetrate  it  and  reach  the  earth.  Scrape  it  away  with  a 
knife  or  wring  it  off  with  the  hand,  thoroughly,  down  to  the  pink 
— ^not  into  it.  These  minute,  white  roots  spring  close  to  the 
surface  of  the  ground,  directly  below  the  base  of  the  leaves; 
hence  the  cleaning  of  an  inch  in  length  is  sufficient.    If  this  husk 
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is  not  removed  the  plants  will  get  such  a  late  start  that  they  will 
not  amount  to  anything. 

SETTING  PLANTS  WITH  A  TROWEL. 

Where  the  plants  do  not  have  to  be  carried  but  a  few  rods 
and  the  earth  is  tenacious,  the  writer  has  found  it  very  satisfac- 
tory  to  transplant  with  a  trovvel.  A  careful  hand  can  work  at 
this  all  day  regularly  in  anviihing  except  the  very  driest,  hottest 
weather.  This  method  is  slow  but  sure.  By  it  large,  strong 
plants  can  be  removed  as  late  as  November  and  still  bear  a  good 
crop.  A  nearly  flat,  wide  trowel  is  better  than  one  deeply 
dished.  Be  careful  not  to  break  open  the  balls  of  earth  contain- 
ing the  plants.  If  the  earth  is  somewhat  dry  water  the  bed  be- 
fore taking  up  the  plants. 

CULTIVATION. 

The  first  cultivation  may  be  given  when  the  plants  have 
been  set  about  ten  days.  The  flat  or  weeding  hoe  is  the  proper 
implement.  File  it  up  sharp  and  shave  off  the  grass  around  the 
hill  very  shallow,  merely  to  break  the  crust.  Clean  out  the  mid- 
dles with  a  hand-sweep.  Keep  the  sloping  edge  of  the  bed  un- 
broken; let  the  weeds  and  grass  grow  tlrere  as  a  retaining  wall 
to  prevent  the  bed  from  being  washed  down  by  heavy  rains. 

In  three  weeks  the  stirring  may  go  as  deep  as  it  is  intended 
to  3n*o  any  time  during  the  season;  but  if  the  weather  is  continu- 
ously very  dry,  let  the  cultivation  be  shallow,  simply  enough  to 
stir  the  surface  a  half-inch  or  an  inch  deep.  The  "dust-mulch"  is 
the  best  protection  of  plants  against  drouth,  that  is,  a  thin  car- 
pet of  soil  kept  very  finely  divided  and  frequently  disturbed  and 
level.  In  ordinary  weather,  with  seasonable  rains,  the  cultivation 
may  be  as  deep  as  a  strong  man  can  drive  the  plow  down;  but 
after  the  first  month  or  so,  especially  when  the  cool  autumn 
nights  sets  in,  it  should  go  more  shallow  ©ach  time.  In  the  hot 
weather  of  summer  the  roots  go  down  by  instinct  in  search  of 
moisture:  when  the  nights  grow  longer  and  cooler  they  begin  to 
run  nearer  the  surface  to  receive  the  effects  of  the  sunshine.  The 
depth  of  the  stirring  should  be  guaged  accordingly. 

If  the  bed  has  stood  over  the  summer,  the  first  cultivation 
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will  be  laborious,  it  will  take  a  strong  man  and  he  will  have  to 
pass  two  or  three  times  in  each  balk  to  drive  the  plow  down  deep 
enough.  For  this  he  should  use  a  bull-tongue.  Between  the 
plants  in  the  row  the  crust  will  have  to  be  broken  up  with  a 
prong  hoe:  it  should  be  struck  down  its  full  depth  and  the  cruat 
pried  up  and  mellowed  by  a  stroke  or  two  with  the  back  of  the 
hoe.    This  is  tedious  work  but  it  will  pay. 

Occasionally  an  enterprising  grower  breaks  up  old  beds  in  the 
fall  with  a  narrow  cultivator  drawn  by  a  horse.  This  is  a  great 
saving  of  labor  and  is  advisable  where  the  balks  are  wide  enough 
to  permit  it.  If  the  weather  is  unusually  dry  great  care  should 
be  taken  not  to  cultivate  so  close  as  to  break  the  old  plants  loose ; 
it  mav  be  well  to  remove  the  outside  teeth  of  the  cultivator  to 
narrow  it  down  sufficiently. 

It  will  pay  to  run  a  sweep  or  a  light  hand-rake  through  the 
rows  ever>'  week  or  ten  days,  even  if  there  is  no  trash  in  sight. 
It  promotes  the  growth  of  the  plants  greatly;  it  is  worth  almost 
as  much  as  a  shower. 

FERTILIZING. 

A  good  fertilizer  is  as  follows  (See  formula  on  last  page) : 

Ammonia 2  to     4  per  cent. 

Phosphoric  acid 7  to     9  per  cent. 

Potash 10  to  12  per  cent. 

We  would  have  no  cotton  seed  meal  in  it,  or,  at  any  rate,  the 
less  of  it  the  better.  Some  growers  argue  that  cotton  seed  meal 
will  answer  every  purpose  as  an  autumn  application  merely  to 
make  growth.  We  object  to  it  even  for  this  purpose.  It  will  pro- 
duce beautiful  foliage  and  an  abundance  of  it,  but  next  spring  it 
will  be  found  that  the  foliage  is  out  of  proportion  to  the  fruitage. 
The  fruit  will  be  short-stemmed,  lurking  down  among  the  leaves, 
and  will  never  color  up  properly.  The  mineral  fertilizers  are 
better  in  every  respect.  No  animal  manure,  unless  it  has  been 
rotted  at  least  a  year,  should  be  applied  to  strawberries  that  have 
to  be  shipped  a  thousand  miles;  they  will  be  too  soft  to  stand  the 
ordeal.  And,  for  the  same  reason,  nitrate  of  soda  should  not  be 
applied  to  them  for  three  months  before  shipping  begins. 

The  judicious  grower  will  keep  before  him  as  his  great  ob- 
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ject  in  fertilizing  to  feed  the  plant  progressively,  never  to  let  it 
come  to  the  end  of  its  supply  and  begin  to  retrograde.  In  the 
thin  soils  of  Florida  the  strawberry  plant  lives  on  the  farmer; 
it  depends  on  his  fertilizer  sack  as  absolutely  as  the  pig  confined 
in  a  pen  depends  on  the  grain  sack.  If  it  is  fed  liberally  in  the 
late  summer  or  early  fall  and  makes  a  vigorous  growth,  exhaust- 
ing its  supply  of  nourishment,  or  some  element  of  it,  it  will  go 
back;  "dieback''  will  set  in.  It  is  simply  an  indication  of  famine, 
and  prevention  is  tenfold  better  than  cure. 

In  most  old  soils  there  is  sufficient  remnant  of  fertility  to  carry 
the  young  plant  along  a  month  or  six  weeks;  then  it  will  nee<! 
feeding.  Run  a  light  furrow  with  a  hand-plow,  about  two  inches 
from  the  plants,  strew  in  a  complete  fertilizer  at  the  rate  of  about 
400  pounds  per  acre  and  cover  it  with  a  return  furrow.  It  is  a 
good  plan  to  make  the  first  application  on  the  outside  or  the 
inside  of  each  row,  running  the  plow  down  one  side  of  the 
bed  and  up  the  other.  Then,  a  month  or  so  later,  make  the  sec- 
ond application  on  the  opposite  side  from  the  first  application. 
Then  make  the  third  and  last  one,  in  November  or  December, 
directly  between  the  plants  in  the  row.  Let  this  be  the  main  ap- 
plication; it  is  in  mellow  ground  where  the  pickers  will  not 
tramp  and  the  roots  will  feed  on  it  all  through  the  fruiting  sea- 
son. It  can  be  put  in  rapidly  by  three  men.  One  stroke  of  a 
hoe  makes  the  hole,  the  fertilizer  is  dropped  in — not  in  a  bunch 
but  scattered — a  second  stroke  pulls  the  earth  back.  It  gives  the 
plants  a  cultivation  at  the  same  time.  First  application,  400 
pounds  per  acre;  second,  600;  third  and  last,  1,000;  total,  one 
ton  per  acre.  It  is  not  too  much,  if  the  grower  is  a  good  man- 
ager otherwise — if  he  is  not,  he  would  better  let  strawberries 
alone  anyhow.  The  writer  has  applied  two  tons  per  acre  and  be- 
lieved that  the  last  half  ton  paid  nearly  as  well  as  the  first  ton  and 
a  half. 

HOME-MIXED  FERTILIZERS. 

There  is  no  doubt  that  the  farmer  can  save  a  few  dollars  by 
purchasing  the  ingredients  and  mixing  them  himself.  Among 
our  acquaintances  there  are  a  few  who  pursue  this  policy,  but 
they  are  not  generally  as  successful     as  some  others  who  buy 
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ready-mixed  fertilizers.  This  does  not  prove  that  the  home- 
mixing  policy  is  necessarily  a  mistake — though  we  think  it  is 
generally — it  simply  shows  that  this  class  of  growers  are  usually 
men  of  extreme  views  in  some  directon  and  they  do  not  supply 
the  plants  with  a  complete  fertilizer,  one  containing  all  the  ele- 
ments they  require  in  the  proper  proportions.  A  mixture  of  bone 
and  ashes  is  a  favorite  with  some  of  these  growers.  It  does  not 
usually  give  the  highest  results;  it  is  not  a  complete  fertilizer;  it 
contains  little  or  no  nitrogen.  Plants  are  like  animals  in  one  re- 
spect; they  thrive  best  on  a  variety  of  feed.  A  fertilizer  which 
draws  each  of  its  three  principal  elements  from  several  different 
sources  generally  gives  the  best  results.  For  instance,  nitrogen 
derived  from  nitrate  of  soda,  sulphate  of  ajmmonia,  blood  and 
tankage  is  generally  more  acceptable  to  the  plants  than  nitrogen 
supplied  from  either  of  these  sources  alone. 

CUTTING  RUNNERS. 

The  runner  always  detracts  from  the  fruiting  capacity  of  a 
plant  and  is  to  be  removed  before  it  acquires  any  length.  A 
plant  which  is  allowed  to  put  forth  runners  at  pleasure  w^ill  pro- 
duce as  many  berries  next  spring  as  if  it  had  not  borne  the  run- 
ners, but  they  will  be  so  small  that  there  will  be  a  heavy  loss  in 
sorting.  The  gain  in  runners  will  be  counterbalanced,  and  more, 
by  the  loss  in  berries  of  a  merchantable  size.  The  best  way  to 
remove  runners  is  to  hire  a  small  boy  w^th  his  own  knife,  and 
we  say  this  advisedly,  for  he  will  lose  knives  about  as  fast  as  you 
provide  them.  We  have  tried  various  implements  for  clipping 
off  runners,  but  found  nothing  equal  to  hand-cutting. 

MULCHING. 

The  best  available  material  for  this  purpose  is  wire  grass 
hay;  it  is  free  from  seed  of  all  descriptions,  soft,  tough  and  dura- 
ble. In  the  fiat  woods  it  can  be  cut  with  a  mowing  machine  at 
the  rate  of  several  tons  a  day.  Generally  about  a  ton  per  acre 
is  required  to  properly  mulch  the  plants.  Pine  straw  is  the  next 
best  material;  it  is,  however,  objectionable  because  of  its  resinous 
quality  and  dark  color,  which  cause  it  to  absorb  the  sun  heat  and 
reflect  it  in  the  faces  of  the  pickers.  Its  sharp  points  warp  up 
and  prick  their  knees. 
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The  mulching  is  carried  out  on  slatted  straw  carriers  and 
sprinkled  evenly  over  the  beds,  hiding  the  plants  from  sight.  In 
two  or  three  days  it  settles  and  reveals  the  outlines  of  the  plants; 
experienced  hands  go  on  their  knees  and  with  a  quick,  circular 
motion  pull  the  plant  through  and  at  the  time  tuck  the  mulching 
under  all  around. 

Energetic  growers  like  to  apply  their  mulching  about  Jan- 
uary I,  thereby  getting  rid  of  further  cultivation  and  securing  a 
rest  before  picking  begins.  But  it  has  been  discovered  that  a 
later  application  is  better  in  several  respects.  In  the  winter  the 
plants  need  the  sunshine,  and  if  this  is  suddenly  cut  off  by  the 
application  of  mulching  and  a  cold  rain  falls,  the  plants  are  apt 
to  experience  a  check  in  growth  and  suffer  from  rust.  Where 
the  mulching  is  put  on  early  the  winter  weeds  grow  up  through 
it  and  become  troublesome  before  the  end  of  the  picking  season; 
whereas,  if  the  mulch  is  kept  off  later,  a  final  light  hoeing  will 
destroy  these  weeds.  Lastly,  the  naked  ground  affords  no  small 
protection  against  frost.  Berries  lying  on  the  ground  will  es- 
cape the  frost  while  those  near  by  lying  on  the  mulching  will  be 
frozen  to  the  centers. 

Some  growers  think  that  if  the  mulching  is  applied  after 
blooming  sets  in,  the  plants  are  knocked  about  and  some  of  the 
pollen  is  lost.  Probably  this  objection  does  not  amount  to  much. 
But  it  is  certain  that,  where  the  mulching  is  put  on  late  in  the 
winter,  it  should  not  be  left  long;  all  the  plants  covered  during 
the  day  should  be  pulled  through  before  night.  (See  paragraph 
on  South  Florida). 

INSECTS. 

In  some  sections  the  white  or  cotton  cricket  gives  consid- 
erable trouble.  It  cuts  off  the  leaves  and  drags  parts  of  them 
down  into  its  burrow,  being  a  subterranean  dweller.  The  best 
remedy  is  to  heat  a  kettle  of  water  near  by  and  pour  a  teacupful 
boiling  hot  down  the  burrow. 

The  white  grub  is  remediless.  It  gives  no  indication  of  its 
presence  until  the  plant  is  seen  to  wither  and  die,  when  an  ex- 
amination shows  that  it  is  cut  in  two  near  the  surface.  Grubs  are 
generally  worse  in  sod  land  or  in  old  land  which  has  lain  in  grass 
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awhile;  after  two  or  three  years  cultivation  they  disappear. 
Good  strawberry  land  may  be  profitably  kept  in  cultivation  year 
after  year,  thus  measurably  escaping  grubs,  white  crickets  and 
cut  worms.  It  will  pay  to  fertilize  a  little  extra  with  this  in  view, 
but  to  observe  a  rotaton  of  crops. 

Against  cut  worms  the  best  defense  is  hand-picking.  Em- 
ploy children  and  pay  them  a  few  pennies  per  pint  or  quart. 
Poisoning  with  a  mixture  of  wheat  bran,  water,  Paris  green  and 
molasses  enough  to  make  it  sweetish  is  said  to  be  efficacious;  we 
have  never  given  it  a  trial.  Larks,  quails  and  kildees,  if  not  dis- 
turbed, will  probe  the  earth  with  their  bills  and  catch  a  good 
many.  It  is  a  mistake  to  kill  these  birds,  even  in  the  fruiting 
season;  they  may  be  frightened  away  by  the  discharge  of  a  shot- 
gun. 

The  thrips,  in  an  occasional  season,  say  once  in  six  or  eight 
years  perhaps,  does  much  damage  by  destroying  the  pollen  and 
petals  and  even  scattered  pips  of  the  berry,  causing  it  to  grow 
misshapen  and  dwarfed.  It  is  an  insect  of  a  clear  honey-yellow, 
about  a  sixteenth  of  an  inch  long,  with  rudimentary  wings.  Its 
presence  is  not  generally  detected  until  the  blossoms  are  no- 
ticed to  be  turning  brown  prematurely,  and  by  this  time  it  is  usu- 
ally too  late  to  combat  it  to  much  purpose,  as  the  mischief  is  al- 
ready done.  If  detected  in  time  it  may  be  destroyed  by  a  moder- 
ately strong  solution  of  whale-oil  soap,  one  pound  to  four  or  five 
gallons  of  water  if  thrown  upon  the  flowers  in  fine  spray.  Appli- 
cations of  pyrethrum  will  also  effectually  reduce  their  numbers, 
says  Professor  H.  G.  Hubbard.  They  seem  to  be  most  abundant 
after  a  mild  open  winter,  and  in  such  seasons  it  is  well  to  be  on 
the  lookout  for  them  early.  A  few  are  always  present  in  the 
blossoms  in  spring  and  need  not  constitute  a  ground  of  alarm. 
Pistillate  plants  like  the  Cloud  are  mostly  exempt  from  their  at- 
tacks, on  account  of  their  scarcity  of  pollen;  he  is  fortunate  who 
has  a  strong  contingent  of  this  variety  in  a  thrips-producing  sea- 
son. 

It  is  an  invaluable  measure  of  defense  against  insects  of  all 
kinds  to  have  the  plants,  large  and  vigorous.  Prevention  and 
protection  are  always  better  than  cure. 
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DISEASES— RUST. 

"Strawberry  rust"  is  more  correctly  designated  as  leaf -spot; 
it  consists  of  small  brown  spots  with  white  centers,  which  grad- 
ually increase  in  numbers  until  they  nearly  run  together  and  so 
kill  the  leaf.  These  spots  are  caused  by  a  destructive  spore  or 
vegetable  fungus  which  fastens  itself  to  the  leaf  and  feeds  on  its 
tissue,  spreading  its  roots  out  in  every  direction.  It  is  not  a  con- 
stitutional or  sap  disease;  it  is  not  propagated  within  the  plant  it- 
self but  from  without.  Tliese  spores  or  disease  germs  are  borne 
through  the  air  by  various  instrumentalities,  and  a  plant  contain- 
ing them  on  its  leaves  becomes  a  center    of  infection  to  all  its 

neighbors.  Various  sprays  are  recommended  for  the  cure  of 
this  disease,  but  we  have  always  believed  general  treatment  of 

the  plant  more  effective  than  local  treatment  and  have  never  ap- 
plied them. 

Leaf  spot  generally  strikes  plants  which  have  been  making 
a  rapid  growth  and  are  accordingly  soft  and  succulent,  and  then 
from  any  cause  receive  a  check.  Thus  a  long,  cold  rain  or  the 
sudden  application  of  mulching,  thus  cutting  off  the  sunshine 
from  the  ground  when  they  are  growing,  are  frequent  causes  of 
**rust."  When  these  causes  are  removed  good  strong  plants  will 
generally  "grow  out  of  it"  in  a  few  weeks.  They  need  to  be  stim- 
ulated with  fertilizer  and  cultivation,  if  not  too  late  in  the 
season  for  the  latter.  If  most  of  the  diseased  leaves  are  picked 
off  and  burned,  it  will  assist  the  plants  in  throwing  off  the  para- 
sites. Strong,  well-nourished  plants  seldom  succumb  to  the  dis- 
ease ;  it  is  an  accompaniment  of  weakness.  It  is  important  to  be 
certain  that  the  leaves  are  free  from  the  parasites  when  the  plants 

are  set:  then  by  maintaining  a  steady,  progressive  growth,  nevt^r 
too  rank,  never  falling  back,  the  grower  can  carry  his  crop  rilcng 
without  fear  of  injury  from  this  source. 

DIEBACK  OR  WHITE  BUD. 
This  is  produced  by  conditions  similar  to  those  which  cAuse 
leaf  spot,  but  more  particularly  by  over-feeding  and  a  consequent 
lush  growth  in  the  hot  weather,  followed  by  a  letting-down  when 
cooler  weather  supervenes.  Dieback  is  simply  starvation,  a  pin- 
ing away  for  lack  of  one  or  more  elements  of  fertility — in  most 
cases,  potash. 
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.  It  is  important  to  the  grower  to  be  able  to  detect  the  earliest 
symptoms  of  this  disease,  in  order  that  he  may  be  ready  to  meet 
it  with  the  correct  treatment.  The  first  indication  of  its  pres- 
ence is  the  appearance  in  the  center  of  the  crown  of  the  young 
leaves,  just  unfolding,  slightly  touched  with  a  reddish  yellow  or 
purplish  yellow  tinge,  unnaturally  crinkled  and  smaller  than  nor- 
mal. If  not  arrested  the  disease  soon  takes  entire  possession  of 
the  plant  and  all  its  leaves,  old  and  young,  are  greatly  shrunken, 
being  scarcely  larger  than  one's  finger-nail,  giving  the  plant  a 
pinched  appearance.  The  closest  examination  with  the  micro- 
scope fails  to  reveal  anything  in  leaf,  stem  or  root  abnormal  ex- 
cept the  size  and  color  of  the  leaves.  The  name  "white  bud'*  is 
sometimes  applied  to  it  on  account  of  the  bleached-out  color  of 
the  youngest  central  leaves  in  the  crown.  There  is  evidently  a 
lack  of  chlorophyll  or  coloring  matter,  just  as  there  is  a  lack  of 
blood  in  those  cattle  dying  of  starvation  in  the  piney  woods  in 
winter,  which  the  native  farmer  says  perished  of  "white  mouth." 
A  symptom  is  substituted  for  a  disease  in  both  cases. 

The  remedy  for  the  diseased  (starving)  plant  is  simply — feed 
it.  Kainit  seems  to  be  about  the  quickest  in  its  restorative  ef- 
fects, but  care  must  be  used  in  applying  it  not  to  sprinkle  it  di- 
rectly on  the  foliage,  or  the  salt  in  it  will  badly  stunt  the  plants  if 
it  does  not  kill  them  outright.  Sulphate  of  potash  is  safer.  Prob- 
ably the  best  application  in  general  will  be  one  of  a  good  com- 
plete fertilizer.  Let  it  be  strewn  in  a  light  furrov/;  close  to  the 
roots,  say  two  inches,  so  that  it  may  begin  to  act  on  them  speed- 
ily; and  thinly  sprinkled  along,  so  as  not  to  **burn*'  them,  and 
then  covered  with  the  same  implement.  They  ought  also  to  be 
hoed  at  once,  if  merely  to  break  the  crust  around  them  and  ad- 
mit the  air  to  the  roots.  If  the  weather  is  very  dry  the  fertilizer 
can  not  be  dissolved  and  become  available  to  the  roots  and  may 
lie  several  days  or  weeks  without  taking  effect ;  in  this  case  it  is 
necessary  to  dissolve  it  in  water  and  pour  a  little  on  the  affected 
plants.  The  whole  secret  of  the  treatment  is,  to  furnish  the  plants 
something  to  eat  as  soon  as  possible. 

Dieback  generally  makes  its  first  appearance  before  hot 
weather  is  over  in  the  fall;  rust  is  more  likely  to  strike  the  plants 
after  the  nights  have  become  considerably  colder.    In  both  cases 
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preventien  is  better  than  cure.  Feed  the  plants  moderately  and 
steadily,  to  keep  up  an  unbroken  growth.  If  the  plants  are  set 
in  July  or  early  in  August,  it  is  better  to  fertilize  too  little,  or 
none  at  all,  for  a  month  or  six  weeks,  even  if  the  plants  get  some- 
what "off  color  "  (yellowish),  rather  than  to  fertilize  too  much 
at  the  outset  and  not  be  able  to  maintain  the  pace  up  to  the  bc- 
ginnning  of  cool  nights,  when  the  liability  to  dieback  measurably 
ceases. 

PICKING. 

In  the  North,  where  the  picking  season  lasts  only  about 
two  weeks  in  any  given  section  and  the  berries  come  on  very  rap- 
idly it  is  possible,  with  care,  to  pick  them  neatly  enough  in  the 
field  to  bear  shipping  without  sorting.  In  Florida  this  is  not  pos- 
sible. The  berries  ripen  so  slowly  in  March  and  April  when  the 
sun  is  low  in  the  horizon,  lingering  on  the  plants  for  weeks,  that 
the  insects  have  more  opportunity  tc  gnaw  them,  the  rot  is  more 
likely  to  speck  them  on  the  underside,  and,  altogether,  it  would 
require  a  far  more  intelligent  and  careful  set  of  people  than  ne- 
gro women  and  children  usually  are  to  pick  a  cup  of  berries  fit 
to  be  shipped  without  sorting.  A  packing  house  and  packing 
tables  are  therefore  indispensable. 

It  is  usual  to  provide  round  pasteboard  tickets  to  be  given 
to  the  picker?  \n  the  field;  these  are  printed  for  one  quart  and 
six  quarts,  since  six  quarts  is  the  most  convenient  number  to 
carry  to  ♦he  packing  house  in  a  tray.  These  may  be  cashed  with 
mone>  or  with  dollar  tickets  and  redeemed  at  the  end  of  the 
week. 

With  this  rollicking  and  irresponsible  race  it  is  absolutely 
necessary  to  bear  a  firm  hand.  Let  the  foreman  assign  each  picker 
his  or  her  rows  and  see  that  they  stick  to  them,  no  matter  what 
happens,  until  they  are  picked  clean.  If  not  watched  the  scamp- 
ish ones  will  abandon  rows  which  do  not  seem  to  yield  well  and 
steal  over  to  others  which  promise  better  pay.  Forbid  them 
from  wrenching  and  twisting  the  plants  roughly,  from  running 
•  crossways  of  the  beds,  from  rolling  or  lolling  on  them,  etc.  It  is 
well,  if  possible,  to  prohibit  all  conversation  except  with  the  fore- 
man.    In  hot  weather  require  them     to  set  their  quarts  in    the 
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shade  or  cover  them  with  a  wisp  of  weeds  until  gathered  up.  Al- 
low no  one  to  hold  several  berries  in  the  hand;  but  insist  on 
their  being  placed  in  the  cup  one  at  a  time.  Let  no  one  seize  the 
berry,  but  take  it  by  the  stem,  pinching  this  off  with  the  thumb 
nail  about  an  inch  long.  It  is  best  to  require  each  picker  to  bring 
his  own  berries  to  the  packery  in  a  tray,  then  there  will  be  no 
confusion  and  miscount. 

If  shipping  by  express  without  ice  it  will  pay  the  grower  to 
get  his  pickers  into  the  field,  if  possible,  as  soon  as  there  is  light 
enough  to  enable  them  to  see  the  color  of  the  berries.  When 
they  are  bathed  with  dew  they  are  cool  and  solid;  they  will  rat- 
tle when  poured  down  on  the  table.  Spread  them  out  thin  in  the 
shade  on  newspapers,  to  be  replaced  when  dampened,  and  let  the 
breeze  draw  over  them  until  dry  or  very  nearly.  After  the  sun 
has  shone  on  the  plants  for  two  or  three  hours  in  the  morning  the 
berries  expand  and  become  soft;  the  slightest  pressure  will  rupt- 
ure the  skins  and  make'a  "mess"  on  the  table.  If  picking  has  to 
continue  through  the  heat  of  the  day,  these  berries  are  not  fit  to 
ship  by  express;. they  require  to  be  placed  in  the  refrigerator  as 
soon  as  crated. 

SORTING  AND  PACKING. 

Some  packers  have  a  sorting  machine,  a  narrow  endless 
band  revolving  on  a  roller  at  each  end  of  the  machine,  turned 
by  a  crank.  The  berries  are  poured  on  this  band  and  as  they 
pass  before  the  sorter  they  are  stirred  and  culled,  finally  falling 
down  a  narrow  chute  into  the  cup  or  basket.  When  sorted  by  ' 
hand  they  are  spread  out  thin  on  the  paper  and  a  finger  with 
the  point  bearing  on  the  paper  is  shoved  around  among  them, 
thus  turning  them  over  without  clawing  and  bruising  them.  It 
will  pay  to  reject  the  very  small  berries  as  well  as  the  gnawed  or 
specked  ones.  Five  quarts  of  berries  with  all  the  small  one  re- 
tained will  frequently  bring  less  money  than  four  quarts  or  even 
three  of  sizable  berries.  One  of  the  most  conscientious  and  tidy 
men  we  ever  knew,  who  rigidly  rejected  all  specked  or 'mper- 
fect  berries  but  put  in  all  the  small  ones,  wondered  a  long  time 
over  his  low  returns,  and  finally  a  friend  in  true  kindness  told 
him  the  reason. 
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"Facing'*  or  *'plating"  is  legitimate  and  expected  in  all  mar- 
kets, provided  it  is  kept  within  bounds.  It  is  not  dishonest  to 
put  a  handful  of  nice  berries  on  top  of  the  cup,  loosely  laid  on; 
but  it  is  a  mistake  to  handle  the  berries  so  much  as  is  required 
to  place  each  one  separately,  even  wedging  them  togther  to  make 
them  present  a  smooth  surface.  When  the  weather  is  so  cold 
that  they  can  travel  to  the  North  without  any  perceptible  shrink- 
age, this  practice  may  be  tolerated ;  but  in  the  warm  weather  usu- 
ally experienced  here  in  March  and  April,  any  berry  that  has 
been  jammed  into  its  place  will  be  so  injured  in  appearance,  if 
not  ruined,  that  when  the  basket  arrives  it  will  have  to  be  refaced 
or  else  it  will  appear  greatly  defaced. 

Then,  if  all  the  nicest  berries  have  already  been  used  for 
this  purpose  and  have  to  be  either  thrown  away  or  put  into  the 
bottom  of  the  cup,  the  berries  can  hardly  be  made  presentable. 

A  shipper  without  reputation  will  have  to  plate  his  berries 
more  or  less,  because  it  is  expected  and  because  '^everybody  does 
it."  But  an  old  shipper  who  has  created  a  name  for  his  berries, 
so  that  they  are  waited  for  and  purchased  in  advance,  can  afford 
to  neglect  this  piece  of  deception.  Let  him  pour  them  lightly 
into  the  cup  without  handling  them  to  brush  oflf  the  bloom,  hold 
it  up  and  tap  it  several  times  to  settle  them  thoroughly  so  that, 
when  they  arrive  in  market,  they  shall  not  have  a  shrunken, 
**skimpy"  appearance.  This  is  exceedingly  important;  it  is  bet- 
ter to  settle  them  well  and  round  up  the  center  so  that  it  will  be 
flattened  and  bruised  by  the  cup  above  than  to  have  them  arrive 
at  their  destination  sunken  a  half  inch  or  more  below  the  top  of 
the  cup. 

SHIPPING— COMMISSION  HOUSES. 

This  paper  is  not  a  sermon;  it  is  written  for  commercial 
uses  alone.  But  shippers  will  do  well  to  remember  that  worldly- 
wise  old  aphorism,  "honesty  is  the  best  policy,''  and  that  city 
people,  especially  dealers,  are  the  shrewdest  people  there  are 
anywhere.  The  actual  consumer  who  buys  a  few  quarts  for  din- 
ner does  not,  one  time  out  of  a  hundred,  know  who  shipped 
ihem.    But  the  retail  grocer,  who  is  the  arbiter  of  prices  after  all^ 
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so  far  as  the  grower  is  concered,  soon  learns  the  names  of  a  large 
number  of  growers  in  Florida  and  remembers  the  main  points  as 
to  the  quality  and  condition  of  their  respective  shipments.  These 
retail  dealers  can  not  be  deceived  more  than  once  or  twice  by  the 
same  shipper. 

We  ask  the  growers  to  let  an  old  and  successful  shipper 
give  them  a  little  personal  advice.  Select  your  commission  house 
with  the  utmost  care,  then  ship  to  that  house  through  thick  and 
thin.  Do  not  get  angry  with  your  merchant  because  you  do  not 
hear  from  his  house  every  twenty-four  hours.  The  best  and  sol- 
idest  houses  generally  take  their  time,  remitting  probably  once 
a  week.  If  your  berries  are  good  they  will  make  a  name;  they 
will  be  spoken  for  in  advance  and  will  command  the  highest  mar- 
ket price.  But  if  you  allow  yourself  to  be  wheedled  away  to  this 
house  or  to  that  by  every  smooth  and  oily  tongue  that  wags, 
shipping  to  a  strange  house  you  lose  the  benefits  of  your  good 
reputation. 

We  have  often  thought  that  telegraphic  reports  from  a  mar- 
ket a  thousand  miles  away  are  an  injury  rather  than  a  benefit  to 
the  grower.  The  market  for  strawberries  is  very  mercurial — ^up 
today,  down  tomorrow.  A  telegram  may  come,  reporting  great 
scarcity  and  high  prices  in  a  certain  city,  but  before  berries  can 
get  there  the  very  opposite  condition  may  prevail. 

The  writer  has  at  times  shipped  for  solid  weeks  to  the  same 
house,  indifferent  to  the  telegrams  and  to  the  nervous,  growers 
who  continually  consulted  them  and  shipped  to  half  a  dozen 
places  perhaps  in  as  many  days ;  and  at  the  end  of  that  time  had  a 
much  better  bank  account  than  the  men  who  were  so  anxious 
to  catch  the  top  of  the  market  in  several  cities. 

We  do  not  say  this  to  boast,  but  because  we  wish  to 
strengthen  the  grower  and  encourage  him  in  good  business  hab- 
its, as  well  as  the  proper  cultivation  of  the  plants. 

PRESENT  CONDITIONS. 

A  number  of  unfavorable  conditions  combined  to  render  the 
season  of  1897  one  of  the  least  profitable  the  growers  of  the 
State  have  ever  experienced.  In  the  central  and  southern  parts 
of  the  peninsula  the  temporary  collapse  of  the  orange  industry 


498 

caused  a  number  of  the  growers  to  resort  to  strawberry  growing 
as  a  makeshift  until  their  groves  could  grow  up  and  become  pro- 
ductive again.  Thus  there  was  an  excessive  number  of  shippers 
while  the  financial  depression  all  over  the  country  reduced  the 
number  of  purchasers.  Stations  in  the  lower  part  of  the  State 
that  had  heretofore  shipped  crates,  now  shipped  carloads. 
There  was  no  central  bureau  of  information  and  direction;  the 
growers  shipped  blindly.  Thus  in  one  day,  Lawtey,  Gainesville, 
Hawthorne,  Sydney  and  San  Antonio  all  shipped  by  the  carload 
to  New  York.  There  was  no  partition  of  the  markets;  gluts 
were  of  frequent  occurrence,  especially  in  New  York,  while  at 
the  same  time  other  markets  were  without  a  sufficient  supply. 

In  addition  to  this,  the  uppper  sections  of  the  strawberry 
belt  suffered  last  spring  from  a  visitation  of  the  thrips.  This  in- 
sect occurs  in  sufficient  numbers  to  be  injurious  only  once  in 
six,  eight  or  ten  years,  and  that  generally  after  a  warm,  open 
winter  like  that  of  1896-7.  Its  ravages  upon  the  bloom  can  be 
measurably  stopped  it  is  said,  by  timely  spraying  with  an  infu- 
sion of  whale-oil  soap,  but  the  trouble  is  the  growers  are  gener- 
ally so  busy  shipping  that  they  take  no  note  of  the  presence  and 
effects  of  this  parasite  until  they  have  reached  such  a  pitch  that 
spraying  would  afford  relief  too  late.  A  new  relay  of  berries 
would  have  to  grow,  as  was  the  case  last  spring,  and  by  the  time 
they  mature  the  shipping  season  is  over  so  far  as  the  northern 
markets  are  concerned. 

These  insects  occur  in  the  greatest  numbers  generally  in  the 
lowest,  dampest  situations.  It  is  also  a  well  ascertained  fact  that 
they  attack  perfect-bloomers,  like  the  Newnan,  while  the  pistil- 
late or  imperfect  bloomers,  like  the  Cloud,  mostly  escape — a  phe- 
nomenon doubtless  due  to  the  fact  that  the  favorite  food  of  the 
thrips  is  pollen.  Bradford  county  seems  to  have  suffered  a  sever- 
er visitation  than  any  other,  probably  on  account  of  the  low,  wet 
soil  of  its  flatwoods,  which,  otherwise,  are  so  admirably  adapted 
to  strawberry  culture.  Yet,  even  in  this  unusually  unfavorable 
year,  there  were  growers  who  by  energy,  industry  and  good 
management  made  a  profit,  as  usual,  though  smaller.  Among- 
these  I  may  mention  the  following,  from  whom  I  obtained  the 
information  in  person : 
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At  Lawtey,  Enoch  Griffith,  from  six  acres  of  plants,  shipped 
293  bushels  of  berries  which  netted  him  $4.40  a  bushel.  He  is 
a  methodical  man,  keeping  strict  account  of  all  his  expenses  and 
receipts,  and  he  stated  that,  after  deducting  all  his  expenses  of 
growing  and  shipping,  he  had  received  about  $60  a  month  for  his 
own  labor  for  the  entire  year.  Besides  his  strawberry  crop  he 
raises  a  considerable  part  of  his  living,  such  as  com,  sweet  pota- 
toes, rice,  vegetables,  pears,  eggs  and  poultry,  so  that  his  store 
bills  are  very  light. 

W.  S.  Funk,  from  seven  acres,  shipped  about  200  bushels, 
which  netted  him  between  $4.50  and  $5.00  a  bushel.  His  net 
prices  were  above  the  average,  made  so  by  his  frequent  ship- 
ments by  open  express,  which  is  less  expensive  than  the  refriger- 
ators. 

C.  H.  Churchill  shipped  from  four  acres  180  bushels,  for 
which  he  received  over  $1,200  gross.  What  his  net  receipts  were 
he  did  not  state,  but  they  were  probably  not  quite  half  the  above 
amount,  as  his  expenses  were  heavy. 

Fortune  Moulin,  from  four  acres  shipped  300  bushels  and 
his  net  receipts  were  about  $1,000.  He  is  a  careful,  industrious 
grower  and  a  shrewd  shipper;  he  received  much  the  larger  part 
of  his  returns  from  shipments  made  to  other  cities  than  New 
York. 


CONDITIONS  IN  SOUTH  FLORIDA. 

The  cultural  directions  given  in  the  foregoing  pages  do  not 
always  apply  to  the  lower  parts  of  the  State.  One  instance  is 
found  in  the  advice  as  to  the  best  time  for  setting  plants.  The 
growers  in  that  section  state  that  it  is  not  advisable  for  them  to 
plant  in  July,  August  or  the  first  part  of  September,  as  is  recom- 
mended for  North  Florida.  At  that  time  the  heat  of  the  atmos- 
phere is  so  great  and  the  ground  so  saturated  with  warm  rain 
water  that  the  plants  "scald."  If  set  after  a  shower  in  October, 
when  the  nights  are  cooler  and  longer,  they  will  live,  if  well 
planted,  and,  as  they  practically  grow  all  winter  in  that  section 
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of  the  State,  they  will  come  into  bearing  in  the  late  winter  or 
early  spring,  as  soon  as  there  is  any  considerable  demand  for 
berries  in  the  northern  markets,  and  will  produce  as  abundantly 
as  plants  set  in  North  Florida  in  July  and  August. 

The  growers  living  south  of  Alachua  and  Marion  counties 
also  generally  depart  from  North  Florida  practice,  in  not  mulch- 
ing their  plants.  They  claim  that,  owing  to  the  warmth  of  their 
season,  the  mulch  affords  a  harbor  for  crickets  and  other  vermin 
which  injure  the  fruit  more  than  the  mulching  benefits  it  by 
keeping  it  free  from  sand.  As  I  have  had  no  experience  in  that 
section  I  have  no  opinion  to  offer,  and  can  not  do  otherwise  than 
accept  the  statements  of  the  growers.  Certain  it  is  that  they  ob- 
tain strictly  fancy  prices  for  much  of  their  early  fruit,  though 
this  fact  may  be,  and  no  doubt  is,  largely  due  to  its  extreme  ear- 
liness. 

In  North  Florida  the  growers  have  adhered  pretty  closely  to 
a  few  old  favorite  varieties,  while  further  down  the  peninsula 
there  has  been  more  experimenting  with  new  varieties,  which, 
however,  do  not  appear  likely  to  attain  anything  beyond  a  local 
reputation. 

Central  and  South  Florida  has  some  advantages  over  North 
Florida  in  strawberry  culture  and  some  disadvantages.  They 
have  more  recently  embarked  in  the  industry  in  the  south  and 
they  are  somewhat  more  inclined,  on  that  account,  to  indulge  in 
rose-colored  statements.  There  have  been  newspaper  reports  of 
profits,  in  individual  cases,  exceeding  anything  substantiated  of 
North  Florida  growers;  but  as  I  was  unable  to  verify  them  by 
personal  interviews  I  have  not  given  them  here.  Certain  it  is 
that  either  section  offers  today  and,  in  my  opinion,  always  will 
offer  to  the  shrewd,,  industrious  and  energetic  strawberry  grower, 
a  reward  not  less  certain  than  that  of  the  cotton  or  corn  grower 
in  any  State.  It  is  not  an  industry  which  presents  "bonanza"  con- 
ditions or  offers  "bonanza"  rewards.  The  man  who  cultivates 
intensively  from  three  to  six  acres  will  seldom  fail  to  add  to  his 
bank  account  each  season;  but  if  he  goes  beyond  those  modest 
limits  he  is  almost  certain  to  harvest  reduced  profits,  if  he  does 
not  suffer  actual  loss. 


Paper  by  C.H.Ward, 


OF  ORANGE    COUNTY. 


The  best  time  to  set  out  plants  is  any  time  after  September 

first  when  we  have  a  favorable  season  for  such  work,  for  if  the 
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ground  is  dry  and  the  weather  hot  it  is  much  better  to  wait  until 
it  is  cooler  and  the  nights  longer.  If  the  ground  is  just  moist, 
plants  set  out  after  four  o'clock  are  pretty  sure  to  live;  care  must 
be  taken  to  see  that  the  ground  is  well  finned  around  the  roots 
and  especially  just  below  the  bud  (which  should  be  just  above  the 
surface)  as  the  new  roots  start  from  this  point  in  a  great  measure. 

VARIETIES. 

Although  the  varieties  and  names  of  strawberries  are  legion, 
there  are  but  few  kinds  that  will  do  well  in  Florida. 

I  try  new  kinds  every  year,  but  they  nearly  always  prove  of 
so  little  value  that  they  are  discarded.  I  have,  however,  found 
t\vo  varieties  which  have  done  remarkably  well  with  me.  One  is 
the  Lady  Thompson.  This  berry  is  staminate  or  perfect  flower- 
ing and  is  very  early,  as  well  as  a  prolific  bearer  of  very  large,  nice 
berries ;  I  think  for  home  use,  or  near  by  market,  it  is  a  great  suc- 
cess, and  for  shipping  early  in  the  season  when  prices  are  high,  it 
would  do  well. 

The  other  berry  I  am  very  much  pleased  with  is  the  Phe- 
nomenal. This  berry  was  originated  in  Orlando  from  seed  of  the 
Hoffman,  hence, its  name — Phenomenal — ^^for  the  phenomenal 
city  of  Florida. 

THE  PHENOMENAL  STRAWBERRY. 

This  berry  has  many  good  points,  among  which  may  be  men- 
tioned its  earliness — ^being  one  of  the  first  to  ripen.    It  is  perfect 


blooming,  very  productive,  a  vigorous  grower,  free  from  rust, 
extra  large  size  throughout  the  season,  beautiful  form  and  color, 
and  is  a  good  shipper. 

We  are  all  acquainted  with  the  old  reliable  standby  for 
Florida,  the  Newnan — but  with  me  it  has  not  done  very  well  for 
the  past  two  years. 

Then  we  know  the  Michel  or  Michel  Early,  which  seems 
to  do  pretty  well  for  home  use,  but  I  am  told  it  is  not  a  good 
shipper;  have  not  tried  it  myself. 

SUMMER  TREATMENT. 

Our  President  says  he  would  like  to  know  how  to  carry  our 
plants  through  the  long,  hot  summer,  or  at  least  how  to  grow  our 
own  plants  for  fall  setting. 

I  am  sorry  to  say  that  up  to  the  present  time,  I  am  unable 
to  successfully  answer  this  question.  I  have  tried  many  different 
ways;  by  partially  shading  the  plants,  by  clean  culture  and  plenty 
of  water  in  dry  time,  by  planting  com,  cow  peas  or  some  other 
crop  among  them,  and  by  letting  the  grass  and  weeds  grow,  all 
with  very  poor  results. 

The  best  success  I  have  had  in  raising  plants,  is  to  take  the 
first  new  plants  that  make  after  plants  are  through  bearing 
(which  generally  get  well  rooted  early  in  June),  and  set  them  out 
on  good,  rich,  moist  ground  and  keep  all  runners  off,  and  the 
ground  well  cultivated  until  the  middle  of  August,  when  they  will 
be  in  shape  to  put  out  abundance  of  first  class  plants  for  October 
planting;  and  these  plants  will  give  the  best  results.  Plants  that 
have  grown  all  summer  among  a  lot  of  grass  and  weeds  are  of 
Httle  value,  and  are  very  hard  to  make  live,  and  generally  give 
bad  results. 

PROFITS. 

Twelve  or  fifteen  years  ago  there  was  considerable  money 
made  in  shipping  berries,  but  now  one  has  to  be  very  successful 
in  all  points  in  order  to  make  much  money.  As  the  express 
charges  range  from  ten  to  twelve  cents  a  quart,  there  is  not  much 
money  in  it  after  prices  get  below  twenty-five  or  thirty  cents  per 
quart  in  our  Northern  markets. 


503 

Orlando  and  Winter  Park  have  usually  been  a  good  home 
market  at  ten  to  twenty  cents. 

The  past  season  has  been  a  fairly  successful  one  with  me, 
notwithstanding  we  had  hard  frosts  in  January  at  a  time  when 
we  had  just  fairly  commenced  picking  and  prices  were  high.  Our 
next  crop  came  on  a  month  later  and  came  into  competition  with 
all  the  rest  of  the  State,  and  in  fact  Charleston  berries  were  soon 
after  in  the  market.  Then  our  home  trade  was  a  handy  thing  to 
help  us  out.  So  that  at  twelve  to  fifteen  cents  we  did  fairly  well. 
For  the  past  two  weeks  we  have  been  picking  our  third  general 
crop  off  same  vines. 

In  what  other  State  can  they  pick  ripe  berries  six  months  in 
the  year?  Although  I  have  not  kept  an  accurate  account  of  ex- 
penses and  receipts  this  year,  I  think  it  is  safe  to  say  we  will  net 
about  $250  per  acre.  In  looking  over  my  books  I  see  the  best 
we  ever  did  on  strawberries  was  in  1890.  We  planted  out  in 
August  and  September,  1889,  three-quarters  of  an  acre  of  the 
Florida  Seedling  or  the  Improved  Newnan,  and  up  to  May  lOth 
we  had  sold  3,488  quarts,  for  which  we  received  $662.82,  an 
average  of  about  18^  cents  per  quart.  We  also  sold  that  year 
$100  worth  of  plants. 

The  best  price  we  ever  received  for  berries  was  for  nine 
quarts  we  shipped  to  Philadelphia  on  January  3,  1890,  which  was 
a  check  for  $19,  or  $2.16  per  quart,  net.  The  next  shipment  a 
few  days  later  sold  for  fifty  cents,  showing  that  fancy  prices  will 
not  last  long  at  any  season  of  the  year. 

While  there  may  not  be  the  chances  for  making  five  to  ten 
hundred  dollars  per  acre  on  strawberries,  as  there  used  to  be,  still 
I  think  with  careful  and  intelligent  management,  one  can  make 
as  much,  or  more,  in  this, branch  as  in  any  other  line  of  farm 
work. 
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Formula  for  Strawberry  Fertilizer. 

(See  page  487.) 


Nitrate  of  soda 200  pounds 

Dried  blood 300  pounds 

Sulphate  of  potash  (50  per  cent,  grade) 600  pounds 

Dissolved  bone 450  pounds 

Acid  phosphate 350  pounds 
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M  Fall  Amr-Wom:  Hsni  Grasii  Worn. 

(Laphygvitifrugiftrda.  Smith  and  Abbott  1 

Reports  from  several  localities  in  the  State  indicate  that  the 
(all  army-worm  has  been  unusually  abundant  and  destructiva 
durinf  the  late  spring  and  early  summer  of  the  present  year.  As 
there  is  yet  considerable  time  before  cool  weather  will  check 
their  propagation  and  ravages,  it  has  been  thought  best  to  pub- 
lish this  circular  of  information  relative  to  their  habits  and  treat- 
ment, in  the  hope  that  it  may  be  of  value  in  keeping  this  pest  in 
check. 
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calarced.  (?rom  Rlleir.)  RUey.l 

This  insect  also  occurred  last  year  in  considerable  numbers. 
During  the  latter  part  of  August,  and  the  first  two  weeks  of 
September,  they  were  reported  as  very  destructive  to  crab-grass, 
and  other  grasses  that  were  grown  for  hay.  The  present  year 
they  have  been  much  more  numerous,  and  an  earlier  brood  than 
that  o{  last  year  has  been  responsible  for  the  damage.  This  fact 
indicates  that  the  conditions  governing  their  development  have 
been  more  favorable  this  year  than  last,  and  if  these  favorable 
conditions  continue,  we  may  expect  that  the  next  brood,  proba- 
■^ly  late  in  August  or  early  in  September,  will  be  a  very  large  one, 
*nd  unless  properly  controlled  may  occasion  considerable  loss 
to  the  hay  and  other  crops  throughout  the  state. 
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The  fall  army-worm  has  been  frequently  confused  with  the 
true  army-worm  of  the  Nojth,  Leucania  unipuncta.  But  it 
should  be  known  that  these  are  two  distinct  species,  diflFering 
considerably  in  their  habits  and  food  plants.  The  fall  army- 
worm  is  much  more  common  South  than  North,  and  has  been 
frequently  reported  from  most  of  the  Southern  States.  The  true 
army- worm  does  not  occur  to  any  extent  in  Florida. 

FOOD  PLANTS,  AND  HOW  IT  FEEDS. 

The  insect  has  a  wide  range  of  food  plants,  as  corn,  oats, 
rye,  cotton,  garden  vegetables,  and  in  fact,  almost  any  succulent 
plant  may  be  attacked;  it  feeds  more  usually,  however,  on 
various  grasses.  In  Florida  it  seems  to  be  partial  to  crab-grass 
and  crow-foot. 

July  3rd,  the  crab-grass  in  the  orchards  on  the  Experiment 
Station  was  observed  to  be  badlv  infested  with  this  insect.  In 
one  orchard  the  larvae  occurred  in  millions  over  an  area  of  sev- 
eral acres,  and  the  lieavy  growth  of  the  grass  was  being  rapidly 
consumed.  The  leaves  and  tender  stems  are  eaten,  and  even  the 
larger  and  older  stems  are  frequently  eaten  quite  low  down.  In 
the  course  of  a  week  the  grass  had  been  eaten  quite  down  to  the 
ground  over  a  considerable  part  of  the  orchard,  and  the  larvae 
were  working  slowly  out  to  the  less  defoliated  areas.  Several 
larvae  may  feed  quite  close  together  on  a  single  stem,  eating 
the  leaves,  the  leaf-sheath  or  the  stem.  In  feeding  on  the  leaves, 
they  feed  mostly  on  the  edge,  eating  in  toward  the  mid-rib;  the 
mid-rrb  is  usually  eaten  down  to  near  the  stem,  where  a  short 
ragged  remnant  of  a  leaf  is  left.  The  leaf-sheath  is  usually  quite 
riddled  with  holes,  or  eaten  off  entirely.  The  stem  is  usually  at- 
tacked after  the  leaves  are  about  consumed,  and  is  eaten  from 
above  downwards,  llie  harder  portion  is  frequently  much 
cliewed  into. 

In  some  cases,  it  may  be  supposed  that  these  insects  are  of 
decided  advantage,  in  keeping  down  the  grass  between  rows  of 
corn  or  cotton,  but  where  it  is  desired  to  cut  the  grass  for  hay, 
their  assistance  becomes  an  injury;  and  it  is  well  to  remember 
that  the  larvae  may  attack  the  crops  themselves,  in  case  the 
grass  is  devoured   before  they  have   attained  their  growth,  and 
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are  ready  to  pupate.    The  next  brood  also  might  give  serious 

trouble. 

DESCRIPTION  OF  THE  INSECT.    • 

E&gs — ^The  eggs  of  the  fall  army-worm  are  deposited  in 
small  clusters,  and  often  in  layers,  two  or  three  layers  placed  one 
above  the  other.  This  whole  egg  mass  is  usually  covered  with 
the  yellowish  colored  hairs  from  the  abdomen  of  the  female.    An 

* 

individual  egg  is  almost  spherical  in  shape,  pale  fulvous  in  color, 
and  marked  and  ribbed  much  as  illustrated  in  figure  3,  a,  show- 
ing the  egg  of  Agrotis  saucia  enlarged.  The  eggs  are  usually 
placed  on  the  under  side  of  leaves  of  the  food  plant,  but  they 
have  occasionally  been  found  on  leaves  upon  which  the  larvae 
are  not  known  to  feed. 


Fig.  3.— a,  an  egg  of  Agrotia  aAueiA^  enlarged ; 
6.  egg-cluster,  natural  size.  (From  Riley.) 

Larva — The  fall  army-worm  is  illustrated  in  figure  i,  a, 
about  the  natural  size  when  full  grown.  In  length  the  larva 
measures  about  one  and  one-half  inches.  In  the  color  there 
is  considerable  variation,  and  also  in  the  markings.  The  general 
ground  color  varies  from  pale  brown  to  dirty  green.  The  dor- 
sum, or  back,  is  brownish  with  a  narrow  line  running  down  the 
middle.  On  each  side,  just  above  the  spiracles,  or  breathing 
lK>res,  is  a  rather  broad,  dark  strip  extending  down  the  body;  it 
is  al>out  one-third  as  wide  as  an  individual  segment  is  long. 
This  dark  band  is  bordered  above  by  a  narrow  strip  of  yellow. 
Below,  the  lar\'a  is  a  dirty  greenish  white,  unmarked.    The  head 


is  pale  yellowish  brown,  with  a  distinct  white   mark,  shown  in 

figure  I,  b.    Thoracic  legs  well  developed;  prolegs  normal.    The 

shield  or  dorsum  of  prothorax  is  somewhat  darker  than  body, 

with  the  dorsal  line  and  the  yellow  line  bordering  the  dark  sub- 
dorsal  line,    extending   conspicuously   through    it.     There   are 

numerous  black  shiny  tubercles  distributed  over  the  body;  from 
each  of  these,  arises  a  dark  hair-like  bristle.  On  the  second  and 
third  segments  these  turbercles  are  arranged  in  a  transverse 
row,  and  are  quite  large.  On  segment  eleven  the  dorsal  tuber- 
cles are  arranged  in  the  form  of  a  square,  while  on  the  twelfth, 
they  have  the  form  of  a  trapezoid. 

Pupa — ^The  pupa  is  of  a  bright  mahogany  brown  color, 
one-half  inch  in  length.  The  caudal  end  terminates  in  two 
diverging  horns,  forming  a  fork. 

Adult — ^The  moth  into  which  the  fall  army-worm  develops 
is  illustrated  in  figure  2,  a.  This  figure  indicates  its  natural  size. 
The  wing  expanse  is  a  little  less  than  one  and  one-half  inches : 
the  body  and  head  measure  a  little  more  than  one-half  inch.  The 
fore-wings  above,  are  more  usually  dark  ash  gray  in  color,  varie- 
gated with  fulvous,  bluish  white,  and  smoky  brown.  There  is, 
however,  much  variation  in  the  shade  of  the  fore-wing,  and  in  its 
markings.  The  hind-wings  are  pearly  white,  and  transparent, 
margined  with  dusky,  which  is  heaviest  at  the  apical  end.  The 
entire  under  surface  of  the  wings  has  a  pearly  lustre  varying  to 
fulvous.  On  the  abdomen  below,  are  four  pairs  of  small  black 
dots;  the  tip  of  the  abdomen,  below,  ends  in  a  bunch  of  rufous 
colored  hair-like  scales. 

NATURAL  HISTORY  AND  HABITS. 

The  injury  is  done  by  this  insect  in  its  larval  or  caterpiller 
stage.  After  hatching  from  the  egg,  the  larva  soon  begins  to 
feed;  during  its  earlier  stages,  it  feeds  mainly  upon  the  leaves, 
eating  out  the  parenchyma  in  long  narrow  grooves,  parallel  to 
the  margin  of  the  leaf.  As  the  larva  grows  rapidly,  it  soon  be- 
gins to  eat  along  the  margin  of  the  leaf,  as  previously  men- 
tioned. When  ready  to  pupate,  it  works  an  inch  or  so  below  the 
surface  of  the  soil,  and  there  makes  a  small  cavity  or  cell, 
cementing  the  sand  together  with  a  small  amount  of  silk.  From 
one  to  two  days  after  this  cell  has  been  formed,  the  change  to 
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the  pupa  occurs.  This  condition  lasts  for  about  seven  days,  when 
the  adult  appears. 

There  seems  to  be  considerable  regularity  as  to  the  occur- 
rence of  broods,  although  larvae  of  various  sizes  may  be  ob- 
served at  the  same  time.  But  these  all  seem  to  pupate  within  a 
short  time  of  each  other,  and  a  field  may  be  badly  infested,  and 
a  week  later  be  quite  free  from  them.  The  time  of  the  appear- 
ance of  the  adults  of  a  brood  during  the  summer,  appears  to  be 
confined  to  a  few  days. 

NATURAL  ENEMIES. 

Fortunately  there  are  several  natural  enemies  of  this  insect 
which  serve  greatly  to  keep  it  in  check.  In  the  field,  a  large  red- 
dish-brown wasp  (Polistes  bellicosus?)  was  frequently  observed 
to  destroy  these  larvae.  After  catching  a  worm,  the  wasp  re- 
moved from  the  skin  the  food  in  the  alimentary  canal,  gradually 
working  it  forward  and  out  through  a  cut  in  the  skin  near  the 
head.  The  remaining  portion  was  then  rolled  up  and  chewed 
awhile  with  the  mandibles.  This  was  pos&ibly  swallowed, 
though  the  act  was  never  observed. 

There  are  several  other  species  of  wasps  that  attack  these 
larvae.  Much  good  work  is  also  done  by  a  species  of  Tachina 
fly,  an  insect  much  resembling  the  house  fly,  but  larger.  These 
flies  were  bred  from  larvae  jrfaced  in  breeding  cases,  in  consid- 
erable numbers.  The  maggot  of  the  fly  devours  the  interior  of 
the  worm,  causing  its  death.  Another  fly,  a  species  of  Bomby- 
lid,  or  bee  fly,  was  also  bred  from  these  larvae  in  such  numbers 
as  to  indicate  their  value  as  insect  friends. 

Various  other  insects  probably  aid  in  the  destruction  of  the 
larvae  of  the  fall  army-worm,  as  ground-beetles,  tiger-beetles, 
lady-birds,  the  spined  soldier  bug,  wheel^bug,  asilid  flies  and 
mantids.  Toads  are  also  of  great  value,  and  should  always  be 
encouraged  around  fields  and  gardens. 

TREATMENT. 

The  value  of  the  hay  crop  is  sufficient  to  make  it  profitable 
to  take  steps  to  check  the  ravages  of  this  insect;  and  aside  from 
their  damage  to  grass  designed  for  hay,  there  is  the  danger  of 
their  further  increase  in  succeeding  broods  to  such  an  extent 
that  various  other  more  valuable  crops  might  be  attacked. 


The  old  adage,  "a  stitch  in  time,"  is  quite  applicable  in 
treating  insects,  and  is  particularly  applicable  to  the  species  under 
consideration.  The  earlier  broods  of  the  larvae  should  be  care- 
fully watched  for,  and  destroyed,  thus  greatly  reducing  the 
chances  for  their  abundance  in  succeeding  broods.  These 
broods  are  usually  more  or  less  gregarious  in  the  fields,  and  it  is 
quite  practicable  to  destroy  them  with  Paris  green.  This  should 
be  thoroughly  mixed  with  water  in  the  proportion  of  one  pound 
of  Paris  green  to  125  to  150  gallons  of  water,  and  applied  thor- 
oughly to  the  infested  grass  with  a  spray  putnp.  There  is 
usually  difficulty  in  getting  the  spray  to  stick  to  the  leaves  of 
grasses,  and  it  has  been  recommended  to  put  enough  soap  suds 
in  the  water  to  make  it  more  adhesive.  The  use  of  cheap  mo- 
lasses would  probably  accomplish  the  same  result.  The  spray 
may  also  be  used  against  the  larvae  when  they  have  attacked 
other  plants.  If  plants  are  to  be  sprayed  that  are  easily  "burned" 
by  Paris  green,  a  pound  of  powered  or  quick-lime  should  be  made 
into  a  thin  paste,  and  this  poured  into  the  mixture  of  Paris  green 
and  water.  One  or  two  good  rains  after  spraying,  would  be  suf- 
ficient to  wash  the  poison  from  the  grass,  and  it  could  safely  be 
cut  for  hav. 

If  the  larvae  are  not  observed  until  they  are  quite  abundant, 
and  the  grass  is  being  rapidly  devoured,  it  would  probably  be 
best  to  plow  them  under  as  deep  as  is  practicable.  This  would 
destroy  the  younger  larvae,  and  if  the  older  larvae  pupated,  they 
would  be  so  deep  in  the  soil  that  the  moths  would  probably  not 
be  able  to  work  their  way  to  the  surface.  And  it  is  not  improb- 
able that  the  majority  of  these  insects  would  be  males,  as  various 
experiments  seem  to  indicate  that  when  animals  are  under-fed, 
and  surrounded  by  unfavorable  conditions  during  their  earlier 
stages,  the  male  sex  greatly  predominates.  A  late  crop  of  hay 
could  in  many  cases  be  cut  from  fields  thus  plowed. 

Where  practicable,  a  large  roller  could  be  used  to  crush  the 
larvae.    This  would  be  practicable  in  oat  or  rye  fields. 

The  foliage  of  orchard  trees  is  sometimes  attacked,  after  the 
grass  has  been  quite  consumed.  To  prevent  larvae  from  crawl- 
ing up  the  trees,  a  roll  of  cotton  should  be  tied  rather  loosely 
around  the  trunk,  a  short  distance  above  the  ground. 
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Summary. 


1  It  has  been  definitely  established  that  insects  are  subject  to 
diseases. 

2.  Diseases  of  insects  have  been,  and  are  being  employed  to 
destroy  insect  pests. 

3.  fik>nie  diseases  of  insect  pests  may  be  disseminated  arti- 
ficially with  a  profit. 

4.  This  disease  of  the  San  Jose  Scale  is  present  on  at  least  three 
continents  and  in  many  countries.  In  several  instances  it  is  re- 
corded as  an  important  factor  in  controlling  scale  insects. 

5.  It  is  doubtless  native  to  Florida  as  it  occurs  on  a  native 
scale  (Aspidotus  obscurus)  in  our  hammocks. 

6.  This  fungus  may  be  transferred  to  trees  affected  with  San  Jose 
Scale    and    a    disease    produced  among  the  scales. 

7.  Large  quantities  of  material  may  be  produced  in  the  laborato- 
ry  in  a  short  time  and  at  slight  expense. 

8.  The  laboratory-grown  material  may  be  applied  successfully 
by  fruit  gnrowers. 

9.  This  fungus  cleared  the  orchards  more  effectively  of  San  J'oae^ 
Scale  than  could  have  been  done  by  many  sprayings. 

10.  It  is  now  being  tested  in  the  North  and  West. 


A  Disease  of  the  San  Jose  Scale. 


Introducton. 

A  close  study  into  the  members  of  the  insect  world  has 
revealed  the  fact  that  they  often  suffer  with  maladies  that  sweep 
away  their  members  by  myriads.  The  expression  that  the 
climate  is  not  suited  to  a  certain  species  of  insect  is  quite  com- 
mon  and  usually  accepted  as  final,  but  it  only  states  our  ignorance 
of  the  true  state  of  affairs;  it  is  simply  an  admission  that  we  do 
not  know  the  specific  factor  that  workes  against  the  increase  of 
a  certain  species.  Closer  study  on  this  subject  has  revealed  the 
fact  that  insects  are  the  prey  of  many  and  varied  organisms. 

The  first  important  advance  in  the  study  of  insect  diseases 
was  made   by  Dr.  Louis   Pasteur,   an   agricultural   scientist  of 
Paris.    The  silk  industry  of  Europe  in  1870  amounted  to  more 
than  a  hundred  million  dollars.    The  greater  portion  of  this  was 
produced  in  France,  but  in  a  few  years  the  output  in  that  country 
was  reduced  to  half  the  normal  proportions  by  a  disease  of  the 
silk  worm  known  to  the  French  as  flacherie.    The  working  of 
this  disease   was  very   misterious  and   could  not  be   explained 
easily.    Pasteur  began  the  study  on  this  malady  under  many 
difficulties  but  finally  succeeded  in  proving  that  it  was  due  to  a 
bacterium.    After  learning  what  the  real  cause  of  the  disease  was 
It  became   quite   easy  to  suggest   measures   for  its   prevention. 
Pasteur  proved  that  the  disease  could  be  transmitted  from  sick 
silk  worms  to  well  ones  and  that  when  well  ones  were  brought 
into  the  breeding  cases  where  sick  ones  had   been  kept,   they 
would  become  diseasd.    The   discovery  was  so   different   from 
anything  then  known  by  the  ag^cultural  people  of  France  that 
it  required  frequent  public  demonstrations  of  the  fact  before  it 
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was  generally  accepted.  This  was  accomplished  in  such  a  mas- 
terly maniter  that  Dr.  Pasteur  received  special  recognition  from 
the  French  government. 

DISEASES  OF  THE  CABBAGE  WORM. 

In  December,  1883,  Prof.  Forbes,  of  Illinois  State  Univer- 
sity, delivered  an  address  to  the  Illinois  State  Horticultural 
Society  in  which  he  gave  an  account  of  work  in  his  laboratory 
with  a  disease  of  the  cabbabe  worm  (Piers  rapae).  Prof.  Forbes' 
object  being  just  the  opposite  of  Dr.  Pasteur's.  Prof.  Forbes  had 
proven  very  clearly  that  a  disease  occured  among  cabbage 
worms  and  that  this  could  be  disseminated  artificially  among 
these  insects  (Trans.  111.  Hort.  Soc.  Vol.  17,  P.  29.)  After  it 
was  settled  that  this  was  a  contagious  disease,  it  was  sent  to  the 
neighboring  State  of  Iowa.  Prof.  Osborn,  Entomologist  of  the 
Iowa  Agricultural  College,  infected  a  cabbage  field  with  it  and 
has  found  that  it  reappears  in  successive  years  and  that  it  has 
been  an  important  factor  in  keeping  down  this  insect. 

CHINCH  BUG  DISEASE. 

The  chinch  bugs  are  often  exceedingly  destructive  in  tho 
grain  fields  of  the  North-West  and  West.  Often  entire  grain 
crops  are  destroyed  arid  even  the  com  crops  severely  injured.  A 
disease  has  been  discovered  among  these  and  several  entomol- 
ogists have  interested  themselves  disseminating  it  and  collecting 
evidence  from  the  persons  to  whom  the  material  has  been  sent. 
Chancellor  Snow,  of  the  Kansas  University,  has  been  especially 
active  in  this  line  and  has  met  with  the  most  flattering  success. 
Prof.  Forbes,  of  Illinois  State  University,  has  also  worked  on  this 
chinch  bug  disease,  and  has  had  good  success.  Prof.  Osborn,  of 
Iowa  Agricultural  College,  has  also  given  this  matter  careful  at- 
tention, as  has  also  Prof.  Lugger,  of  Minnesota  State  University. 
Prof.  Webster,  of  Ohio  State  University,  has  disseminated  the 
chinch  bug  disease  in  grain  fields  of  Ohio,  but  it  has  not  been 
so  successful  in  that  State. 

POINTS  TO  BE  CONSIDERED. 

Several  points  must  be  taken  into  consideration  before  at- 
tempting to  introduce   such   disease   among  insects.     First,  we 
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must  have  some  germ  that  finds  the  particular  insect  vulnerable 
to  its  attack.    The  germ  that  causes  the  disease  among  cabbage 
worms,  before  mentioned,  does  not  attack  chinch  bugs  nor  does 
the  chinch  bug  disease  attack  the  cabbage  worms.     It  is  plain, 
therefore,  that  we  must  have  a  particular  germ  to  cause  disease 
of  particular  insect.    Second,  the  insect  must  have  such  habits  as 
will  expose  them  to  the  attack  of  that  germ.    As  long  as  the 
chinch  bugs  are  not  abundant  enough  to  congregate,  the  disease 
makes  slow  progress.    This  same  disease  attacks  other  insect  but 
fails  to  destroy  many  of  them  because  these  insects  do  not  con- 
gregate in  large   numbers.    The  disease  of  the  cabbage   worm 
could  not  spread  rapidly  among  chinch  bugs  because  the  disease 
enters  the  body  of  its  hosts  (the  cabbage  worm)  with  its  food. 
The  bacteria  lodging  on  the  surface  of  the  food  plant  are  eaten  by 
the  cabbage  worm  and  then  set  up  a  disturbance  in  the  digestive 
system  of  the  itisect.    Chinch  bugs  obtain  their  food  by  sucking 
the  juice  from  the  interior  of  the  plant  which  normally  contains 
no  bacteria.    Third,  the  atmospheric  conditions  must  be  favor- 
able.   A  warm,  moist  atmosphere  is  excellent  for  the  propaga- 
tion of  the  chinch  bug  disease  while  a  dry  and  a  cold  atmosphere 
does  not  allow  it  to  germinate  and  grow  rapidly.    We  see,  there- 
fore, that  the  combatting  of  insects,  by  means  of  their  diseases, 

is  circumscribed  ty  strict  laws,  each  one  of  which  must  be  ful- 
filled or  all  our  efforts  are  without  effective  results. 

One  would  conclude,  on  first  thought,  that  the  fulfilling  of 

all  these  conditions  is  a  very  exceptional  occurrence,  but  that 
these  conditions  occur  frequently  is  evident  from  the  fact  that 
although  insects  increase  with  marvelous  rapidity,  they  rarely 
cause  great  devastation.  We  are  all  familiar  with  the  great 
locust  incursion  into  States  of  the  Missouri  valley,  but  this  insect 
was  not  able  to  hold  its  acquired  territory  for  more  than  two 
years.  The  heavy  rains  killed  eggs,  nymps  and  adults.  Diseases 
of  various  kinds  came  in  to  destroy  myriads.  The  journey  of  the 
Colorado  potato  beetle  east  of  the  Mississippi  is  also  fresh  in  our 
minds.  Although  there  seems  to  be  no  general  or  wholesale 
destructive  disease  of  this  beetle,  its  enemies  have  so  reduced  its 
number  that  it  rarely  becomes  distructive.  This  is  Nature's  own 
way  of  equalizing  and  distributing  to  each  species  its  own 
allotted  share. 
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IMPORTED  INSECTS. 

Insects   introduced  from   other   countries  are   often   very 
distructivc  and  spread  with  great  rapidity.    As  we  have  seen  in 
the  case  of  the  Horn  Fly,  which  was  introduced  from  France  in 
about  1886,  and  became  very  distructive  along  the  Atlantic  coast 
of  the  United  States,  reaching  Florida  in  1891  (<:ff.  Bulletin  17, 
P.  14,  Fla.  Experiment  Station).    The  white  fly,  or  mealy  wing 
(Aleyrodes  citri),  the  fluted  scale  (Icerya  purchasi),  and  San  Jose' 
scale  (Aspidiotus  permciosus),  are  all  examples  with  which  we 
are  familiar.    Many  of  us  are  familiar  with  one  or  more  of  them 
at  a  considerable  expense.    All  of  these  insects  will  doubtless  run 
their  course  in  time  and  become  only   one  of  the  myriads  of 
species  that  prey  upon  the  products  of  the  soil.    Just  how  much 
distructive  work  these  pests  will  do  before  they  are  successfully 
counteracted  by  "natural  causes"  is  impossible  to  say.    In  some 
cases  they  would  doubtless  destroy  entire  industries  and  thus 
limit  their  increase  by  cutting  off  their  own  food.    Happily  we 
can  bridge  the   period   by  artificial  means   such  as  fumigation, 
spraying,  etc.     In  this  way  we  help  nature  to  strike  a  balance. 
Prof.  Webber   hzss   shown  that   nature  is  already   setting   up  a 
reaction  against  the  increase  of  the  mealy  wing  (Aleyrodes  citri). 
At  the  ninth  meeting  of  the  Florida  State  Horticultural  Society, 
in  Jacksonville,  he  exhibited  a  parasitic  disease  of  this  insect  that 
he  had  found  at  Braidentown,  (cf.  P.  73,  Proc.  Fla.  State  Hort. 
Soc.  1896.)  This  fungus  was  exceedingly  active  in  reducing  the 
numbers  of  the  mealy  wing.  It  was  a  most  fortunate  discovery  for 
the  orange  grower  as  the  dissemination  of  this  disease  in  the 
groves  affected  with  sooty  mould  will  prove  a  great  economic 
factor  in  producing  bright  oranges.    (See  also  Bulletin  No.  13, 
Div.  V.  P.  &  V.  P.,  U.  S.  Dept.  Agri.,  by  H.  J.  Webber). 

SEARCH  FOR  THE  NATURAL  CAUSE. 

During  June,  1895,  on  a  visit  to  the  orchards  affected  with 
San  Jose'  Scale,  at  DeFuniak,  there  were  strong  indications  in 
some  places  that  the  scale  was  less  severe  than  it  had  been.  A 
diligent  search  in  several  orchards  did  not  reveal  any  "natural 
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cause"  for  the  diminution  of  the  scale.  A  return  to  several 
orchards  in  May,  1896,  proved  that  the  former  suspicion  was 
well  founded,  so  a  strenous  effort  was  made  to  find  this  "natural 
cause"  that  was  operating  on  the  scales.  Some  fruit  growers 
suggested  that  it  was  the  freeze  of  '94  and  '95,  but  that  could  not 
be  since  the  scale  flourishes  in  States  where  the  temperature  goes 
below  zero.  Others  suggested  that  it  was  the  mild  weather;  that 
could  not  be  the  cause  since  the  scale  is  quite  at  home  a  hundred 
miles  farther  south.  Others  suggested  the  recent  drouth,  but 
dry  weather  is  favorable  to  the  multiplication  of  this  scale.  As 
we  had  not  had  a  rainy  season  that  year  this  was  not  suggested. 
Inquiries  were  made  of  Mr.  Geo.  Mellish  of  orchards  that  were 
isolated  and  that  were  badly  infested  two  years  before  and  had 
not  been  sprayed,  nor  treated  in  any  other  way  with  a  view  of 
killing  the  scale.  After  two  days'  patient  searching  an  orchard 
was  found  on  the  farm  of  Mr.  A.  C.  Bailey.  This  orchard  con- 
sisted of  peaches  and  plums  and  was  on  cleared  hammock  with 
hammock  adjoining.  After  looking  about  in  the  orchard  for  a 
short  time  we  discovered  that  the  trees  which  were  badly  infested 
two  years  ago  were  now  entirely  free  from  scale  except  that  here 
and  there  where  there  were  dead  limbs  with  an  abundance  of 
dried  scales,  showing  beyond  the  slightest  doubt  that  these  trees 
had  been  infested  with  this  scale.  It  was  not  difficult  to  find  dead 
scales  in  such  a  state  of  preservation  that  they  could  be  distin- 
guished from  the  allied  species  (A  juglans-regiea,  Coms.)  so 
common  in  this  section.  Mr.  Bailey  could  point  out  many  trees 
that  had  been  severely  affected.  Our  remembrance  of  the  matter 
was  that  the  whole  orchard  was  infested  and  many  trees  were  con- 
sidered too  badly  affected  to  be  worth  spraying.  On  referring 
to  notes  taken  two  years  before  (cf.  P.  94,  Bulletin  29,  Fla.  Agri. 
7x.  Sta.,  also  P.  19,  Bulletin  No.  3,  N.  S.  Div.  Ento.  U.  S.  D.  A. 
by  L.  O.  Howard),  they  were  found  to  place  this  orchard  among 
those  that  were  badly  infested.  The  most  remarkable  thing 
about  the  whole  matter  was  that  we  were  not  able  to  find  a  single 
live  scale  on  the  trees  that  we  were  examining.  This  was  the 
more  astonishing  since  all  the  artificial  methods  employed  in 
Florida  were  not  able  to  so  completely  destroy  the  scale  without 
killing  the  tree.    In   Florida  the  most  thorough  and   repeated 
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application  of  insecticides  have  failed  to  eradicate  the  insect  when 
once  firmly  established. 

THE  NATURAL  CAUSE  FOUND. 

Mr.  Bailey  was  asked  finally,  if  all  the  trees  were  free  from 
scales,  whereupon,  we  were  taken  to  four  or  five  that  were  still 
aflPected,  with  the  result  that  diseased  scales  in  great  abundance 
were  found  on  each  tree.  In  every  case  where  San  Jose'  Scale 
was  found  in  this  orchard  we  also  found  this  fungus  attacking  it. 
To  the  botanist  it  is  known  as  Spaerostilbe  coccophila,  Tul.  The 
ordinary  observer  would  overlook  it  entirely  as  the  largest  speci- 
mens are  not  over  one-eighth  inch  high,  though  after  it  had  been 
pointed  out  to  the  orchardists  they  had  no  trouble  in  discovering 
it  in  other  trees. 

Dr.  L.  O.  Howard  on  page  54,  Bulletin  3,  N.  S.  Div.  Ento- 
mology, U.  S.  D.  A.  (1896)  makes  the  following  quotation  from 
Bulletin  26,  by  D.  W.  Coquillett,  of  the  Division  of  Entomology, 
U.  S.  D.  A.  (1892),  "A  few  weeks  ago  Mr.  C.  H.  Richardson,  of 
Pasadena,  one  of  the  county  inspectors  of  fruit  pests,  showed  mo 
several  pear  trees  in  that  locality  which  a  year  ago  were  very 
thickly    infested    with  these  scales,    as   was  evidenced   by  the 
gnarled  appearance  of  the  branches  as  well  as  by  the  dry  scales 
still  adhering  to  the  trees.    After  a  careful  examination  of  these 
scales  scarcely  a  live  one  could  be  found.     Mr.  Richardson  as- 
sured me  that  the  trees  had  not  been  treated  with  any  kind  of 
insecticide  and  they  certainly  gave  no  siriiS  of  such  treatment. 
The  dead  scales  gave  no  signs  of  having  been  destroyed  by  lady 
birds,  nor  yet  by  internal  parasites.    Wishing  to  ascertain  if  this 
singular   mortality  was   general  in   other  localities,  I   examined 
several  infested  pear  trees  in  this  city,  but  found  that  the  fruit 
and  new  growth  upon  them  were  thickly  infested  with  scales, 
which  were  alive  and  to  all  appearance  in  a  very  thriving  condi- 
tion.   It  would  appear  therefore,  that  the  mortality  among  the 
San  Jose'  Scales  was  entirely  due  to  some  low  form  of  fungus 
growth."     In  a  later  paragraph  Dr.  Howard  states,  "We  have 
therefore,  recently  (1896)  secured  through  the  kindness  of  Mr. 
John  Scott,  Horticultural  Commissioner  of  Los  Angeles  county, 
Cal.,  a  considerable  quantity  of  dead  and  dying  scales  supposedly 
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affected  with  this  disease.  Mr.  A.  F.  Woods  has  conducted  a 
careful  examination  of  the  material,  at  the  instance  of  Mr.  Gallo- 
way, to  whom  we  referred  it,  and  while  the  conclusions  so  far 
reached  are  not  suiHcient  upon  which  to  'base  a  definite  recom  ■ 
mendation,  there  seems  to  be  a  specific  disease  which  develops 
both  in  the  insect  and  its  covering."  There  is  nothing  in  the 
papers  at  hand  to  show  that  the  California  disease  is  not  the  same 
as  this  one. 

DISTRIBUTION  OF  THE  FUNGUS. 

This  is  the  first  time  that  this  fungus  has  been  reported  as 
causing  a  disease  of  the  San  Jose'  Scale,  though  it  enjoys  a  wile 
distribution.  It  has  been  collected  on  three  continents  at  least 
and  in  each  case  it  causes  a  disease  among  scale  insects. 

M.  C.  Cook  in  his  Vegetable  Wasps  and  Plant  Worms,  pub- 
lished in  London  in  1892,  calls  this  fungus,  Coccus  tubercles,  and 
gives  the  following  excellent  popular  description:  "This  well 
known  parasite  on  dead  coccus  is  not  uncommon  in  Europe,  and 
has  been  found  several  times  in  Britain.  They  form  little  rosy 
knobs,  with  a  short,  whitish  velvet  stem-like  base.  Sometimes  it 
is  conical  and  sometimes  it  is  club  shaped  and  rather  hard  and 
homy  when  dry.  The  whole  mass  is  composed  of  parallel 
hyaline  delicate  threads,  densely  compacted  together,  bearing  at 
the  apex  very  long  curved  conidia,  spores,  which  are  acute  at 
each  extremity,  and  with  three  or  five  septa  or  divisions  (but 
sometimes  with  evidently  more),  from  seventy  [70-25,000  inch] 
to  one  hundred  micromilKmetres  [100-25,000  inch]  long  and  five 
[5-25,000  inch]  thick.  It  is  supposed  to  be  the  conidia  stage  of 
some  more  perfect  fungus,  but  at  present  this  is  merely  a  sup- 
position (plate  2,  Fig.  22).  The  bright  red  spots  on  dead  cocci 
are  recognizable  by  the  naked  eye." 

Mr.  Henry  Tryon,  entomologist  to  Queensland,  Dept.  Agrl. 
Oct.,  1894,  Bulletin  No.  4,  page  15  says:  The  Red  Scale,  the 
Circular  Black  Scale,  and  the  Long  Mussel  Scale,  were  again 
frequently  killed  by  another  parasite,  Microcera  coccophila, 
[Sphaenostilbe  coccophila,  Tul.]  reproductive  organs  of  which 
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could  connnonly  be  observed  as  small  compact  scarlet  masses 
emerging  and  ascending  from  their  edges. 

Prof.  T.  D.  A.  Cockerell  records  this  fungus  from  Jamaica 
as  occurring  on  Aspidiotus  articulatus,  a  scale  infesting  citrus 
trees,  (cf.  Bull.  Bot.  Dep.,  Jamaica,  Oct.  1892.) 

Messrs.  Ellis  and  Everhart,  in  North  American  Pyrenomy- 
cetes,  page  iii,  say  that  this  fungus  has  been  collected  in  South 
Carolina  by  Ravenel  and  in  Florida  by  Dr.  Martin. 

It  is  a  common  disease  of  Aspidiotus  obscurus  Coms..  It 
was  first  discovered  on  this  insect  by  Mr.  A.  L.  Quaintance  in 
November,  1896.  Subsequently  it  has  been  found  in  great  abun- 
dance in  a  number  of  locations.  It  was  also  found  by  myself  in 
February,  1896  on  oaks  planted  in  the  streets  of  DeFuniak,  Fla. 
From  the  foregoing  facts  it  is  quite  reasonable  to  suppose  that 
it  is  quite  generally  distributed  throughout  Florida  and  the 
South,  and  not  imposible  that  it  has  found  its  way  to  California, 
but  definite  information  on  that  point  is  not  at  hand.  It  seems 
quite  certain  that  it  is  a  native  to  Florida,  and  from  its  wide  dis- 
tribution among  the  native  scale,  A.  obscurus,  Coms.  This  fact 
makes  it  the  more  interesting  and  valuable  as  a  remedy  against 
the  San  Jose'  Scale. 

ARTIFICIAL  DISSEMINATION. 

By  Means  of  Diseased  Scales.  —  The  next  most 
important  point,  after  finding  a  disease  of  great  dis- 
tructiveness,  is  to  discover  how  it  may  be  dissemi- 
nated by  artificial  means.  A  test  of  this  was  made  immediately 
after  the  fungus  had  been  discovered.  Some  branches  containing^ 
diseased  insects  were  cut  from  Mr.  Bailey's  plum  trees  and 
were  taken  by  Mr.  Geo.  Mellish  and  tied  into  trees  affected  with 
San  Jose'  Scale.  The  orchard  belonging  to  Mr.  Mellish  was  en- 
tirely free  from  disease  of  San  Jose'  Scale  and  several  miles  from 
Mr.  Bailey's  orchard.  Six  weeks  later  the  orchard  belonging  to 
Mr.  Mellish  was  visited  and  it  was  found  that  the  disease  of  the 
insects  had  spread  to  a  considerable  distance  in  the  tree  to  which 
it  had  been  transferred.  The  orange  colored  prominences  could 
be  detected  on  many  scales  within  eighteen  or  twenty  inches  of 
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the  infested  stick  that   had   been  brought  from   Mr.  Bailey's 
orchard  and  stick  had  not  yet  lost  its  virtue. 

This  test  decided  the  matter  beyond  reasonable  doubt  that 
the  disease  could  be  disseminated  by  carrying  sick  scales  from 
one  orchard  to  another  and  also  that  it  may  be  carried  for  long 
distance  and  used  with  good  effect 

The  operation  is  very  simple.  It  may  be  stated  briefly  as 
follows:  Select  a  branch  of  any  tree  holding  San  Jose'  Scales 
affected  with  the  disease;  cut  off  a  piece,  eight,  ten  or  twelve 
inches  long;  tie  this  piece  firmly  to  the  upper  side  of  a  limb  in- 
fested -with  San  Jose  Scale,  so  that  the  two  will  lie  parellel ;  and 
in  contact  for  as  great  a  portion  of  their  length  as  possible.  This 
is  a  certain  and  practical  method  of  starting  the  scale  disease  in 
an  orchard. 

By  Means  of  Spores  Grown  in  the  Laboratory. — It  is 
a  well  established  fact  that  it  is  possible  to  grow  various  moulds, 
bacteria  and  other  organisms  in  the  laboratory,  upon  material  free 
from  all  other  organisms  than  the  particular  one  that  is  being 
studied.  Organisms  grown  in  such  pure  cultures  may  be  studied 
to  best  advantage;  in  fact  a  botanist  cannot  do  work  in  the  study 
of  animal  and  plant  diseases  of  scientific  merit  and  worthy  of  pop- 
ular confidence  unless  he  studies  with  pure  cultures.  It  is  neces- 
sary to  have  special  apparatus,  a  laboratory,  and  to  follow  certain 
definite  rules  to  produce  a  pure  culture.  This  is  no  greater  feat 
to  the  mycologist,  however,  than  it  is  for  the  horticulturist  to 
grow  a  pure  variety  of  tomatoes.  It  is  not  necessary  to  go  into 
detailed  discussion  of  this  matter,  but  we  should  keep  it  in  mind 
clearly,  that  a  pure  culture  of  this  fungus  contains  but  one 
organism,  and  that  the  specific  cause  of  the  death  of  this  scale. 

THE  MEDIA. 

Immediately  upon  arriving  at  the  laboratory  steps  were  taken 
to  obtain  pure  cultures  of  this  fungus.  The  first  step  was  to  pre- 
pare sterile  culture  media.  As  it  was  a  matter  of  experimentation 
to  learn  upon  which  this  fungus  would  thrive  best,  a  considerable 
number  of  different  medias  were  prepared.     Acid,  alkaline  and 
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neutral  agars;  acid,  alkaline  and  neutral  gelatins;  sterile  potato; 
acid,  alkaline  and  neutral  bread  were  experimented  with. 

The  acid  agar  proved  to  be  the  best  of  that  group  and  the 
alkaline  the  poorest.  The  acid  gelatine  was  better  than  an}-  of 
the  agars  and  the  best  of  the  gelatine  group,  while  the  alkaline 
gelatine  was  the  poorest  of  that  group.  Sterile  potatoes  pu- 
duced  a  good  growth  and  a  -moderate  quantity  of  spores.  Of  all 
the  media  tried,  slightly  acid  bread  proved  the  most  successful 
and  produced  spores  in  greatest  abundance.  The  fungus  grew 
readily  on  sHghtly  alkaline  bread  and  better  on  neutral  bread  but 
the  finest  growth  and  greatest  abundance  of  spores  were  produced 
as  stated  before,  on  slightly  acid  bread.  Bread  being  poms,  the 
fungus  permeates  the  whole  piece  and  produces  myriads  of 
spores  in  the  pores,  thus  adding  greatly  to  the  spore  producing 
surface  of  the  medium.  The  spores  germinate  readily  in  distilled 
water,  but  of  course,  cannot  do  more  than  this.  After  germina- 
tion the  spores  and  mycelium  remain  vital  for  a  few  days  and 
then  become  sterile. 

As  soon  as  practicable  a  quantity  of  spores  were  grown  in 
the  laboratory  to  be  used  in  the  field  for  artificial  infection.  Six 
four-inch  petrie  dishes  of  acid  bread  were  inoculated  from  pure 
cultures  and  in  three  weeks  these  were  taken  to  the  field  and  the 
spores  applied  to  various  trees  infested  with  San  Jose*  and  other 
scales.  A  piece  of  bread  about  an  inch  square  from  a  petrie  dish 
was  placed  into  a  quart  of  water  and  shaken  until  the  bread  was 
broken  up  and  the  spores  evenly  distributed  in  the  water.  This 
was  then  applied  to  the  scaley  tree  by  means  of  a  sponge  or  cloth 
or  sprayed  on. 

EXPERIMENTS. 

Experiments  one  to  five  were  located  in  an  orchard  belong- 
ing to  Mr.  John  Astleford.  This  orchard  is  a  considerable  dis- 
tance from  others  and  the  San  Jose'  Scale  were  not  severe  except 
on  individual  trees.  The  insects  were  spreading  rapidly  showing 
that  they  were  having  a  healthy  growth. 

Experiment  No.  i. — A  plum  tree  sprayed  twice  with  spores 
of  this  fungus  prepared  by  placing  some  of  the  infected  bread  in 
a  quart  of  water.    The  first  application  was  in  the  afternoon  and 
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the  second  just  before  dark,  July  29,  1896.    A  portion  of  the  tree 
was  then  wrapped  with  a  moist  gunny  sack. 

Result. — ^February  20,  1897.  Scales  thoroughly  inoculated. 
The  disease  having  spread  to  many  branches. 

Remark. — ^The  idea  of  wrapping  moistened  burlap  or  other 
cloth  loosely  about  the  treated  limbs  is  well  worth  following  out. 
It  is  a  question  of  only  a  few  hours  whether  the  spores  are  to 
produce  the  disease  or  whether  they  will  die.  If  a  moist  atmos- 
phere prevails  all  is  well  and  good,  if  drouth,  the  spores  will  die. 
The  reason  for  this  is  brought  out  strongly  in  the  study  of  the 
biology  of  this  fungus,  so  it  will  not  be  stated  here. 

Experiment  No.  2. — A  peach  tree  in  good  condition,  except 
severely  infested  with  San  Jose'  Scale,  which  seemed  perfectly 
healthy,  was  sprinkled  late  in  the  afternoon  of  July  29,  1896  with 
material  similar  to  that  used  in  experiment  No.  i. 

Result. — February  20,  1897.  Insects  not  affected.  No  trace 
of  disease. 

Experiment  No.  3. — A  peach  tree  like  the  one  in  experiment 
No.  2,  sprinkled  July  29,  1896,  with  material  similar  to  that  used 
in  Experiment  No.  i. 

Result. — February  27,  1897.    Insects  all  dead. 

Experiment  No.  4. — ^A  peach  tree  like  the  one  in  Experi- 
ment No.  2,  sprinkled,  July  29,  1896,  with  material  similar  to 
that  used  in  Experiment  No.  i. 

Result. — February  2,7,  1897.  Insects  not  affected.  No  trace 
of  disease. 

Experiment  No.  5. — ^A  peach  tree  a  considerable  distance 
from  No.  2,  but  conditions  very  similar  to  the  one  in  Experi- 
ment No.  2,  sprinkled  later  in  the  evening,  July  29,  1896,  with 
material  similar  to  that  used  in  Experiment  No.  i. 

Result. — February  20,  1897.  A  large  proportion  of  the  in- 
sects dead  and  peeling  off.  The  disease  well  disseminated 
throughout  the  tree. 

Experiment  No.  6. — ^A  peach  tree  in  an  orchard  near  De- 
Funiak  Springs  belonging  to  Mr.  G.  E.  Mellish,  severely  infested 
with  San  Jose'  Scale  was  sprinkled,  July  28,  1896,  with  material 
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prepared  as  that  used  in  Experiment  No.  i.  This  tree  showed 
signs  of  having  been  infested  for  a  long  time. 

Result. — February  20,  1897.    Scales  all  dead. 

Experiment  No.  7. — ^A  tree  under  conditions  similar  to  the 
one  in  Experiment  No.  6,  Sprinkled  with  material  prepared  as 
in  Experiment  No.  I. 

Result. — February  20,  1897.    Tree  dead. 

Remark. — ^The  death  of  the  tree  cannot  be  attributed. to  the 
fungus.  Microscopic  examinations  show  that  the  fungus  does 
not  pierce  the  bark. 

Experiment  No.  8. — ^A  quantity  of  the  material  was  left 
with  Mr.  Geo.  HoUowell,  DeFuniak,  Fla.,  who  applied  it  to  scaly 
trees  much  as  described  in  the  foregoing  experiments,  dur- 
ing latter  part  of  July,  1896. 

Result. — February  20,  1897.  No  infection  could  be  dis- 
covered. 

GENERAL  REMARKS. 

1.  The  conditions  for  the  application  of  this  material  were 
adverse  at  the  time  inasmuch  as  a  dry  spell  followed  the  applica- 
tions. 

2.  The  best  time  to  apply  the  material  is  after  sundown  on 
a  moist  evening;  this  contition  may  be  produced  artificially  see 
remark.  Experiment  i. 

2.  The  spores  raised  on  bread  germinate  in  a  few  hours 
and  must  find  a  suitable  medium  in  which  they  may  grow  (E.  g.;- 
San  Jose'  Scale)  or  they  will  perish. 

4.  The  spores  produced  in  the  orange  colored  protuber- 
ance (See  plate  I,  figure  i)  seen  on  scales  live  for  several  months 
in  dry  weather. 

5.  That  so  many  of  th  experiments  turned  out  favorably 
substantiate  our  former  expectations  that  the  material  might  be 
grown  artificially. 

6.  The  material  can  be  produced  in  great  quantities  and  its 
application  to  the  insects  is  as  easily  accomplished  as  a  single 
spra3dng  with  insecticide. 

7.  It  is  more  thorough  than  insecticides. 

8.  While  it  is  "Nature's  own  remedy"  for  striking  a  bal- 
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ance  in  Florida,  it  will  doubtless  be  less  effective  in   dryer 
cUmates. 

9.  It  will  be  noticed  that  the  cooperation  of  orchardists 
has  been  secured  in  making  the  initial  tests,  proving  that  the 
laboratory  grown  material  is  effective  in  their  hands  and  that  the 
orchardist  who  may  not  be  a  scientist  can  apply  it  properly. 

10.  Further  experiments  will  perfect  the  methods  of  apply- 
ing it 

11.  The  fact  that  this  fungus  is  widely  disseminated  on  a 
native  scale  insures  a  constant  source  of  new  material,  thus 
avoiding  the  necessity  of  using  any  that  may  have  become 
attenuated. 

12.  The  fungus  multiplies  many  fold  more  rapidly  than  the 
San  Jose'  Scale. 

13.  As  soon  as  the  insects  have  been  killed  rains  wash  the 
fungus  and  dead  scales  from  the  trees  leaving  no  signs  of  the 
tree  having  been  diseased  except  where  the  scales  may  have  in- 
jured the  tree. 

BIOLOGY. 

A  San  Jose'  Scale  attacked  by  this  fungus  is  usually  trans- 
formed into  a  mass  of  mycelia  before  there  is  any  exterior  ap- 
pearance of  a  change.  When  the  body  of  the  insect  has  been 
consirmed  a  bright  orange  colored  protuberance  forms  at  the 
base  of  the  scale  or  at  times  it  breaks  through  the  protecting 
cover  of  the  insect.  This  orange  colored  protuberance  is  the 
most  conspicuous  part  of  the  fungus  and  the  only  portion  visible 
to  the  unaided  eye;  these  vary  in  size  from  an  eighth  to  a  fortieth 
of  an  inch. 

Those  that  measure  about  a  sixteenth  of  an  inch  are  the 
most  abundant  under  favorable  conditions.  Figure  3,  plate  II 
represents  a  cross  section  of  a  scale  insect  and  the  spore  bearing 
protuberance  magnified  twenty-five  diameters.  The  outlines  of 
this  figure  were  drawn  by  the  use  of  a  camera  lucida.  These 
spore  bearing  bodies  may  be  seen  in  figure  i  plate  I,  as  small 
projections  enlarged  less  than  two  diameters.  These  small  pro- 
jections contain  a  great  many  spores,  represented  by  figure  6, 
plate  II  (enlarged  120  diameters).    These  spores,  under  favorable 


53^ 

circumstances,  mature  within  six  weeks  from  the  time  of  infec- 
tion. Countless  numbers  are  liberated  from  the  orange  colored 
protuberances  during  rains,  and  are  washed  down  the  trees  and 
some  to  the  ground. 

If  a  moist  atmosphere  continues  for  several  hours  these 
spores  will  germinate  and  produce  sporidia,  represented 
by  figure  7,  a,  which  at  maturity,  may  be  carried  aibout  in  the 
atmosphere.  In  case  the  spores  represented  by  figure  6  find 
lodgment  in  a  place  suitable  for  further  growth  a  sporidium,  re- 
presented by  figure  10,  is  produced.  Under  favorable  condi- 
tions, sporidia  germinate  in  the  course  of  three  or  four  hours, 
otherwise  they  retain  their  vitality  for  only  a  few  days. 

These  sporidia,  represented  by  figure  7  a,  on  germinating  in 
a  situation  where  there  is  only  a  slight  amount  of  nutriment  for 
this  fungus,  produce  a  growth  represented  by  figure  14.    Figure 
14  a  represents  the  original   sporidium  which  germinated   and 
produced  the  larger  mycelium,  after  which  the  branches  b,  c,  d, 
e  and  f  were  successively  produced.    Consecutively  with  e  and  f, 
g  and  h  were  produced;  then  followed  i  and  k.    While  g,  h,  i  and 
k  are  morphologically  aborted  branches  of  the  mycelium,  they 
finally  become  enclosed  in  a  wall  and  later  are  detached  to  per- 
form functions  similar  to  those  of  a  sporidium.    The  production 
of  the  spore-like  bodies,  g,  h,  i  and  k  marks  a  cessation  of  vegeta- 
tive  activity.    These   spore-like   bodies,  g,  h,  i  and  k  have  the 
power   to   germinate   even   in   distilled   water,   but   produce   a 
mycelium  that  is  not  more  than  two  or  three  times  the  length  of 
the  diameter  of  the  spore-like  bodies.    If,  however,  the  medium 
in  which  it  is  grown  contains  a  sufficient  amount  of  nutriment, 
vegetation  goes  on  freely,  and  a  fungus  plant  may  result  as  in 
case  of  germination  of  a  sporidium. 

If  a  sporidium  be  placed  in  a  slightly  stronger  nutrient 
solution,  growth  represented  by  figure  1 5  takes  place.  In  figure 
15  a  represents  the  secondary  spore,  and  b  a  spore-like  body 
produced  after  considerable  growth  of  the  myceium  had  taken 
place.  This  spore-like  body  may  be  formed  directly  from  the 
secondary  spore  or  from  the  mycelium  and  may  be  liberated  be- 
fore other     spore-like     bodies  are     produced,  or     before   the 
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mycelium  has  ceased  to  grow.    In  other  respects  the  body  repre- 
sented by  figure  15  a  is  similar  to  figure  14  g. 

If  a  sporidium  is  transferred  to  strong  liquid  nutrient  me- 
dium germination  takes  place  in  a  few  hours  and  a  much 
stronger  mycelium  is  produced.  Finally,  by  the  production  of 
spores  and  continued  vegetation  a  dense  felty  mass  is  produced. 
Fig^e  16  represents  a  branch  of  the  mycelium  producing  spores. 
Under  these  conditions  spores  are  borne  on  sterigmata,  a,  b,  c, 
d,  e,  f  and  g  which  were  produced  in  succession  as  lettered.  At 
h,  is  represented  the  beginning  of  a  sterigma.  These  spores  are 
produced  one  at  a  time  and  when  fully  formed  may  be  detached 
by  a  slight  jar,  but  if  handled  carefully  they  may  remain  attached 
loosely  until  as  high  as  four  have  been  formed  when  the  forma- 
tion of  a  fifth  will  detach  one  or  more  of  the  older  ones.  Some 
sterigmata  produce  more  spores  than  others  that  seem  to  have 
equal  advantages;  some  remain  sterile  (16  d).  Spores  produced 
in  this  way  retain  the  power  to  germinate  for  nearly  a  month 
in  a  humid  atmosphere,  but  lost  it  after  remaining  in  a  dry 
atmosphere  for  only  a  few  hours. 

In  connection  with  these  spores  a  very  interesting  phenom- 
enon occurs.  The  mycelium  seems  to  have  a  power  of  inhibit- 
ing the  growth  of  spores  produced  in  this  way.  In  cell  cultures 
great  many  spores  collect  near  the  mycelium,  but  do  not  ger- 
minate; when  the  same  spores  were  removed  only  a  fraction  of 
an  inch  from  the  mycelium  many  of  them  germinated;  and  when 
they  were  removed  to  the  other  edge  of  the  hanging  drop,  the 
normal  proportion  germinated. 

The  growth  of  -such  spores  placed  in  distilled  water  is  repre- 
sented by  figures  11,  12  and  13,  in  successive  stages  of  develop- 
ment. Figure  13  represents  the  original  spore,  11,  enlarged  into 
a  rudimentary  mycelium,  which  has  divided  into  two  cells  and 
produced  a  spore-like  body  at  lower  end  which  is  similar  to 
figure  14  g. 

At  intervals  on  the  mycelium  such  as  represented  by  figure 
16,  hyphae  are  produced  that  protrude  from  the  medium  in 
which  it  is  growing.  The  successive  stages  of  these  hyphae  are 
represented  by  figures  17,  18,  19  and  20.  The  length  of  these  to 
the  spore  bearing  portion  varies  with  the  depth  of  the  medium 


534 

in  which  it  is  growing.  It  is  apparent  from  the  beginning  that 
such  a  branch  as  represented  by  figure  17  has  some  special  func- 
tion to  perform.  Gravity  seems  to  have  no  influence  upon  the 
direction,  but  it  seems  to  take  the  direction  of  at  least  distance 
to  atmosphere.  By  comparing  it  will  be  noticed  that  these 
hyphae  bear  sterigmata,  similar  to  those  in  figure  16,  which  bear 
a  number  of  sphaerical  spores;  the  first  one  formed,  or  the  one 
at  the  distal  end,  is  the  largest.  These  spores  are  easily  dis- 
lodged, and  are  much  slower  to  germinate  than  the  spores 
represented  by  figure  16. 

Figure  25  represents  a  very  mteresting  form  taken  by  the 
mycelium  at  times.  In  the  beginning  the  mycelium  does  not 
seem  to  differ  from  the  ordinary  forms,  but  in  the  coures  of  four 
or  five  days  this  is  changed  into  a  necklace-like  form  represented 
by  figure  25  a.  A  second  portion  of  the  mycelium,  figure  25  b, 
has  become  much  enlarged.  This  enlarged  portion,  25  c,  then 
produces  spore-like  bodies  which  germinate  when  they  become 
detached,  figure  25  d.  After  these  spore-like  bodies  become  de- 
tached more  of  a  similar  character  may  be  formed. 

Spores  of  this  fungus  were  placed  on  agar  gelatine,  on  live 
San  Jose'  Scale  and  on  live  obscure  scale  (A.  obscurus)  in  culture 
cells.  In  these  cases  the  spores  developed  in  quite  a  different 
way  from  all  but  those  represented  by  figuge  20.  Figure  21 
represents  a  young  hypha.  Figure  22  shows  a  hypha  further 
developed.  Figure  23  shows  the  sterigmata,  also  the  beginning 
of  sphaerical  spores.  Figure  24  represents  a  hypha  at  maturity. 
In  a  dry  atmosphere  these  spores  separate  easily  and  may  be 
carried  about  by  the  wind;  in  a  moist  atmosphere  they  cling 
together  in  chains.  These  spores  have  been  kept  for  several  days 
in  a  dry  atmosphere  without  loosing  their  vitality.  If  twigs  con- 
taining scale  insects  attacked  by  this  fungus  be  placed  in  a  moist 
chamber  this  kind  of  spores  is  produced  in  such  quantity  that 
they  become  visible  to  the  unaided  eye,  making  the  insect  appear 
as  if  covered  with  a  minute  blue  mold.  Pure  cultures  may  be  ob- 
tained with  greatest  ease  by  using  these  spores. 

Such  spores  as  are  represented  in  figure  16  (with  figures  11, 
12  and  13)  were  sown  in  distilled  water  where  they  .germinated 
in  a  few  hours.    At  the  end  of  twenty-four  hours  the  mycelium 
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had  grrown  to  eight  or  ten  times  the  length  of  a  spore.  After  about 
forty-eight  hours  further  growth  ceased.  A  very  peculiar  phe- 
nomena was  noticed  repeatedly:  Spores  under  these  conditions 
germinated  in  a  short  time  and  grew  rapidly  for  about  twelve 
hours,  then  grew  more  and  more  slowly  until  their  full  growth  was 
reached  in  about  forty-eight  hours.  During  the  early  portion  of 
growth  the  mycelia  took  independent  courses,  but  later  the  end 
of  26  a  bent  towards  26  b,  with  which  it  united.  In  this  case  26  b 
seemed  to  be  benefitted  by  the  union.  This  second  mycelium 
then  grew  out  to  26  c  with  which  to  unite,  which  in  turn  received 
support  from  26  b.  As  this  occured  repeatedly  it  is  difficult  to 
resist  the  conclusion  that  there  is  some  affinity  between  these 
different  mycelia  in  distilled  water.  The  mycelum  of  this  fungus 
does  not,  as  a  rule,  anastosmose  in  a  nutrient  media. 

ADAPTABILITY  OF  THIS  FUNGUS. 

From  the  foregoing  study  into  the  biology  of  this  fungus, 
we  learn  that  it  has  an  unusual  ability  to  adapt  itself  to  the 
various  conditions  which  may  surround  it.  The  stage  repre- 
sented by  figure  i,  plate  I,  enables  it  to  pass  through  long 
periods  of  drouth  and  long  periods  of  cold.  The  stage  repre- 
sented by  figure  16  occurs  during  the  rainy  season  and  is  not 
confined,  in  its  growth,  to  insects  but  may  occur  on  other  media. 
The  spores  represented  by  figures  20  and  24,  occur 
during  moist  periods  and  greatly  facilitate  the  multiplication  and 
thorough  dissemination.  When  periods  of  drouth  or  cold 
weather  occur,  the  fungus  is  carried  over  such  periods  by  means 
of  the  spores  represented  at  figure  6.  These  spores  usually  lodge 
in  such  places  as  are  not  most  favorable  to  the  development  of 
the  fungus,  so  a  sporidium,  represented  by  7  a,  is  produced, 
which  may  be  carried  about  in  the  atmosphere.  In  case  this 
lodges  in  an  unfavorable  place  for  the  further  growth  of  the 
fungus,  a  spore-like  body  that  may  be  called  a  secondary 
sporidium,  represented  by  figures  14  g,  14  h,  14  i,  14  k  and  15  b, 
is  produced,  which  in  turn  may  be  carried  about  in  the  atmos- 
phere. 

ACKNOWLEDGMENTS. 

I  am  pleased  to  have  this  opportunity  to  express  my  appre- 
ciation of  the  special  favors  received  from  Dr.  Wm.  Trelease  in 


536 

the  use  of  the  extensive  library  in  the  Missouri  Botanical  Garden 
and  the  library  and  well  equipped  laboratory  of  Washington 
University.  The  final  work  on  the  biology  of  the  fungus  and 
figures  3  to  23,  25  and  27  were  done  at  the  laboratory  of  the 
Washington  University. 

I  must  also  thank  Dr.  Roland  Thaxter  for  so  kindly  deter- 
mining the  specific  name  of  this  and  other  fungi  for  me. 


538 


Explanation  of  Plate  I. 


Figxire  1.    Spaerostilbs  coccophila^  Tul.  on  Aspidiotus  pemiciosus. 
Corns,  from  an  artificial  inoculation  on  a  peach  tree.     (Slig'htly  en- 
larg'ed.) 

Figure  2.  Cultures  of  Sphaerostilbe  cocophila  on  bread.  A  por- 
tion of  this  culture  was  used  to  induce  the  infection  photographed 
for  figure  1.    (Natural  size.) 


PLATE  t.— Figure  2. 
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Explanation  of  Plate  II. 


Figure  3.*  Cross  section  Sphaerostilbe  stroma  and  San  Jose*  scale. 

Figure  4.*    Small  conidium  spore  germinating. 

Figure  5.    Larger  conidium  spore  germinating. 

Figure  6.    A  large  conidium  spore. 

Figure  7.    A  conidium  spore  germinating  from  a  second  cell.     % 

a.  Sporidium. 

Figure  8.    Large    conidium  spore    germinating    from  both  ends. 
The  middle  cell  has  not  discharged  its  contents. 

Figure  9.    Further  development  of  No.  8. 

Figure  10.    Sporidium  completed. 

Figure  11.    Spore   taken  from   figure  16  and   placed    in   distilled 
water. 

Figure  12.    Development  of  11. 

Figure  13.    Development   of    11    completed    and   spore-like    bodjr 
produced. 

Figure  14.    Sporidium  placed  in  a  slightly  nutrient  media, 
o.    Sporidium. 

b.  First  branch  of  the  mycelium. 

c.  Second  branch  of  the  mycelium. 

d.  Third  branch  of  the  mycelium, 
f .    Mycelium  from  sporidium. 

f.  Mycelium  from  si>oridium. 

g,  A,  i  and  h.    Spore-like  bodies. 

Figure  15.*    Sporidium  in  medium  containing  more  nutriment. 

o.    Sporidium. 

b.    Spore-like  body. 
Figure  16.    Sporidium  gemrinated  in  standard  nutrient  media. 

a,  ft,  c,  d,  e,  f  and  g,    Sterigmata. 
Figure  17.    Hypha  grown  in  liquid  media. 
Figure  18.    Hypha  further  advanced. 
Figure  19.    Hypha  still  further  advanced. 
Figure  20.    Hypha  with  mature  sjKjres. 
Figure  21.    Hypha  grovm  in  solid  media. 
Figure  22.    Hypha  further  advanced. 
Figure  23.    Hypha  still  further  advanced. 
Figure  24.    Hypha  bearing  mature  sjKjres. 
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Figfore  25.  Growth  in  media. 

a.  Necklace  form  of  mycelium. 

h.  Enlarged  mycelium. 

c.  Spore-like  body. 

d.  Spore-like  body  germinated. 

Figure  26.    Spores  with  anastosmofiing  mj^celium. 

a.  h  and  c,  original  spores. 
Figure  27.*    Conidia  spores  attached  to  braniAing  basidia. 


'Figure  3  enlarged  2S  diameters. 

Fignre  4  to  14  and  16  to  26  inclusiye  enlaarged  130  diameters. 
Figures  15  and  27,  240  diameters. 
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Some  Strawberry  Insects. 


GENERAL  REMARKS. 


The  cultivation  of  strawberries  in  Florida  for  Northern 
markets  has  become  an  industry  of  no  inconsiderable  im- 
portance. While  the  returns  on  the  money  invested  in  this  in- 
dustry have  been  in  most  cases  good,  it  is  believed  that  these 
returns  might  be  materially  increased  by  the  recognition  and 
proper  treatment  of  the  various  insect  pests  that  are  known  to 
attack  this  plant.  -  •  I 

The  fungous  and  insect  enemies  of  a  plant  seem  to  increase 
in  proportion  to  the  extent  of  ^  its  cultivation.    And  there  are 


Fl?.  I— Strawberry  blossom  in  section:  p,  petal:  s,  sepal;  st,  stamen;  pi,  pistil; 

r,  receptacle. 

certain  years  in  which  these  enemies  become  more  abundant  and 
destructive  than  usual,  and  the  loss  of  almost  an  entire  crop  may 
result. 

The  strawberry  plant  is  no  exception  to  this  statement,  and 
it  is  essential  that  the  grower  should  become  acquainted  with 
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the  various  enemies  of  the  plant,  to  the  cultivation  of  which  he  is 
devoting  his  time  and  money.  While  the  insect  enemies  of  the 
strawberry  plant  in  Florida  are  probably  not  as  many  as  in  many 
parts  of  the  United  States,  yet  they  frequently  occasion  serious 
damage. 

The  present  paper  deals  with  the  more  injurious  insects  of 
the  strawberry  in  Florida,  with  suggestions  for  treatment,,  which 
it  is  hoped  will  be  of  value  to  the  growers  of  the  State. 

The  accompanying  figure  (Fig.  i)  illustrates,  somewhat 
diagramatically,  a  strawberry  blossom  in  section,  showing  the 
parts  of  the  flower.  By  a  study  of  this  figure,  the  reader  unfa- 
miliar with  the  parts  and  structure  of  a  strawberry  blossom,  will 
be  better  able  to  understand  the  remarks  which  follow. 

THE  STRAWBERRY  THRIPS. 

(Tbrips  tritici,  Osborn — ^Fitch.)     Order  Thysanoptera.     Family 

Thripidae. 

During  the  past  spring  thrips  have  been  unusually  abundant 
in  many  parts  of  Florida,  injuring  the  flowers  of  several  different 
plants.  Early  in  the  spring,  tbe  blossoms  of  plums  and  pears 
were  badly  infested.  Later,  the  blossoms  of  the  strawberry  plant 
were  attacked,  and  the  damage  to  this  crop  throughout  the  State 
has  been  quite  heavy.  The  dry  weather  of  the  past  spring  was 
quite  favorable  to  the  development  of  thrips,  and  at  the  same  time 
rendered  infested  plants  less  able  to  bear  the  effects  of  their 
ravages. 

Thrips  tritici,  is  an  insect  of  rather  wide  distribution,  and  has 
a  great  variety  of  food  plants.  Tlie  insect  was  described  in  1856 
by  Dr.  Asa  Fitch,  in  his  Reports  on  the  Noxious  Insects  of  New 
York.  He  gave  the  insect  the  common  name  of  wheat  thrips,  as 
it  was  at  that  time  very  destructive  to  wheat.  This  species  has 
been  frequently  mentioned  since  Dr.  Fitch's  note,  as  causing  con- 
siderable damage  ■  in  various  parts  of  the  eastern  U.  S.  and 
Canada.  In  the  North,  its  injuries  are  confined  principally  to  tiie 
various  cereals,  and  to  apple,  plum  and  strawberry  blossoms. 

In  Florida  the  insect  may  be  found  in  variocts  sweet-scented 
flowers,  during  almost  the  entire  spring  and  summer.    Usually 
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they  are  not  fiufficieatly  abundant  to  occasion  much  damage. 
But  conditions  favorable  for  the  development  of  thrips  seem  to 
have  prevailed  in  the  State  during  the  past  spring,  and  they  have 
been  with  us  in  myriads. 

The  bloom  of  the  strawberry  plant  seems  to  be  a  favorite 
food  for  this  insect,  and  unfortunately,  its  effects  upon  these 
particular  flowers  are  much  more  severe  than  on  many  others 
which  it  infests. 

The  food  of  thrips  as  an  order  is  rather  varied.-  Some 
species  are  recorded  as  carnivorous,  others  entirely  vegetable 
eaters;  but  as  a  whole,  the  species  probably  feed  upon  vegetable 
substances.  Many  vegetable  feeders  live  in  the  blossoms  of 
plants;  others  live  under  bark,  turi,  and  similar  places. 

Many  flower-inhabiting  species  vary  considerable  in  the 
parts  of  the  flower  which  they  attack,  for  there  seems  to  be  some- 
what of  a  preference  to  some  particular  part,  as  the  pistil,  the 
stamens,  or  petals.  The  injury  that  these  insects  occasion  is, 
therefore,  dependent  somewhat  upon  the  particular  part  of  the 
flower  attacked,  and  the  structure  of  the  flower  in  question. 
If  the  petals  are  attacked  in  the  roses,  the  resulting  blackening, 
would  be  a  serious  drawback. 

In  the  case  of  many  other  blossoms,  if  the  petals  were 
attacked,  but  little  damage  would  result.  As  a  rule  no  serious 
harm  occurs  from  the  stamens  being  attacked,  as  there  is  usually 
sufiicient  pollen  produced  fo  fertilize  the  pistils,  and  the  fertiliza- 
tion is,  if  anything,  assured  by  these  active  little  creatures  run- 
ning over  the  pistil  with  pollen  sticking  to  them.  If  the  pistil  is 
attacked,  the  result  may  be  more  serious,  as  is  the  case  in  the 
strawberry. 

The  same  species  of  thrips  may  attack  different  flowers  dif- 
ferently; as  an  example  we  may  cite  the  insect  under  considera- 
tion. In  orange  blossoms,  the  petals  and  stamens  seem  to  be 
most  subject  to  attack.  In  the  blossom  of  the  strawberry,  the 
pistil  is  evidently  preferred.  The  resulting  effect  is  widely  dif- 
ferent.   In  the  case  of  the  orange  blossom  no  harm  of  conse- 
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quence  is  done.    In  the  strawberry,  however,  the  attack  on  the 
pistil,  if  severe,  will  result  in  the  destruction  of  the  bloom. 
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The  thrips  were  observed  to  be  injuring  strawberry  blos- 
soms March  lOth,  here  at  Lake  City.  They  seem  to  have  been 
present  in  injurious  numbers  somewhat  earlier  than  this  in  other 
parts  of  the  State,  as  the  following  editorial  on  "Strawberries  and 
Pears'*  from  the  Florida  Farmer  and  Fruit  Grower,  of  March 
2^th,  will  indicate: 

"To  add  to  the  trouble — ^though  it  may  prove  to  have  been 
a  benefit  in  the  end — the  drouth,  and  thrips  stepped  in  to  curtail 
the  output.  A  mysterious  shadow  crept  over  the  bloom;  the 
plants  are  unusually  fine  this  spring,  free  from  rust,  large,  vigor- 
ous, of  high  color  and  glossy;  yet  the  millions  of  blossoms  were 
observed  to  fade  away  like  candles  going  out.  Most  growers 
thought  it  was  a  blight,  caused  by  cold,  dry  winds,  but  this  cause 
was  totally  inadequate  to  account  for  the  effect,  as  these  winds 
have  prevailed  but  little,  hardly  at  all,  and  the  strawberry  crop  is 
hardy.  A  careful  examination  revealed  that  the  blossoms  were 
swarming  with  the  thrips  (Thrips  tritici)  a  lively  little  worm,  one 
,twenty-fifth  of  an  inch  long,  of  a  clear  honey-yellow  color  with 
rudimentary  wings.  These  eat  the  stamens,  the  petals,  and 
apparently  the  pips  of  the  little  berry.  Some  are  apparently 
sucked  dry;  though  they  remain  green  on  the  inside,  they  are  al- 
most as  hard  and  dry  as  wood,  do  not  expand  any,  become  black 
on  the  outside  and  finally  die.  Others  escape  with  a  part  of  their 
pips  eaten  off,  and  they  grow  out  disfigured,  pips  scattered  here 
and  there  with  spaces  of  naked  core  Uetween  them.  The  growers 
who  have  'Clouds*  state  that  they  are  less  liable  to  the  attack  of 
thrips,  than  are  the  'Newnans.'  " 

To  definitely  prove  that  the  thrips  were  the  cause  of  the 
blackening  and  wilting  of  infested  blooms,  several  Newnan 
plants  were  brought  to  the  laboratory,  and  all  blooms  but  un- 
opened buds  were  removed.  A  number  of  these  buds  were  then 
inclosed  in  large  glass  tubes,  plugged  loosely  on  either  end  with 
cotton.  As  soon  as  these  buds  had  opened,  some  were  supplied 
with  thrips,  others  were  kept  uninfested,  as  checks. 

The  thrips  at  once  attacked  the  stigmas  and  distal  portion  of 
the  styles,  chafing  and  apparently  puncturing  them.  In  the 
course  of  ten  or  twelve  hours  many  of  the  stigmas  began  to 
blacken,  and  twenty-four  hours  from  this  time,  nearly  all  of  the 
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stigmas  had  blackened,  and  the  styles  were  blackening  half  way 
down  to  the  ovaries,  and  wilting  perceptibly.  In  the  course  of 
another  day,  the  styles  had  blackened  to  the  ovaries  and  were 
plainly  drying  up.  (See  Fig.  2.)  The  ovaries  also  were  attacked 
and  blackened   considerably   from   the  chafing   of  the   thrips. 


Fig.  2— Pistil  dissected  from  strawberry  flower  showing  the  blackening  and 
withering  of  stigma  and  style,  due  to  thriiw.  a,  stigma;  b,  style;  c,  ovary.  Much 
enlarged. 

By  another  day  the  entire  young  fruit,  receptacle,  and  ovaries 
were  black  and  dead,  and  the  blackening  in  some  cases  had  ex- 
tended some  ways  down  the  fruit  stalk. 

It  should  be  noted  that  other  parts  of  the  flower  were 
attacked  besides  the  pistil.  The  petals  were  sparingly  attacked, 
particularly  at  their  bases;  also  the  stamens,  principally  the  fila- 
ments. But  as  a  whole,  the  preference  was  decidedly  for  the 
stigmas  and  styles,  probably  on  account  of  the  sweetish  sub- 
stance secreted  by  the  stigmas,  to  aid  in  the  germination  of  the 
pollen. 

The  blossoms  in  tubes  not  inoculated  with  thrips,  did  not 
show  this  blackening  and  drying  up.  In  several  instances  where 
the  stigmas  were  jlbllinated,  fruit  set  normally. 

The  results  seemed  conclusive,  yet  the  same  experiment  was 
made  2^;ain  in  the  laboratory,  and  also  in  the  field.  In  the  field, 
after  all  opened  and  infested  flowers  had  been  removed  from  a 
plant,  it  was  covered  with  a  lantern  globe,  by  pressing  bottom 
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end  into  the  scAl,  and  fastenin'g  a  strip  of  cheese  cloth  over  the 
top.  Ten  plants  were  thus  prepared.  After  several  buds  had 
opened  into  flowers,  five  plants  were  supplied' with  thrips,  and 
five  were  kept  as  checks.  This  experiment  conhrmed  the  exper- 
iments made  in  the  laboratory,  and  left  no  doubt  that  the  thrips 
were  responsible  for  the  blackening  and  wilting  of  the  fruit. 

The  injurious  effect  of  these  insects  seems  to  be  to  a  consid- 
erable extent  in  preventing  the  fertilization  of  the  ovules.  Since 
the  stigmas  are  attacked,  and  decay  soon  sets  in,  the  normal  fer- 


tilization of  the  ovules  is  greatly  retarded,  if  not  entirely  pre- 
vented. But  there  seems  to  be  an  unusually  rapid  blackening 
^nd  drying  up  of  the  injured  tissue.  This  occurs  more  rapidly 
-*han  would  be  expected,  if  due  to  the  non-fertilization  of  the 
ovules,  and  it  seems  that  the  immediate  effect  of  the  insects  on 
the  tissue  itself  should  he  taken  into  consideration.  See  figure  3, 
illustrating  on  the  left,  an  infested  flower  cluster;  on  the  right,  a 
healthy  normal  cluster. 

The  exact   manner  of  feeding  on  the  blossoms  was  not 
accurately  determined.     The  mouth  parts  of  the  Thysanoptera, 
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represent  an  intermediate  stage  between  biting  and  sucking 
mouth  parts.  The  labrum,  mandibles,  maxillae  and  labium,  al- 
though present  are  somewhat  modified,  particularly  the  mand- 
ibles and  maxillae.  These  parts  last  mentioned  are  pointed,  and 
plainly  not  adapted  to  chewing,  nor  are  they  well  adapted  to 
sucking.    They  seem  to  be  used  in  a  pricking  or  rasping  way. 

There  is  probably  no  poisonous  effect  produced  by  the 
punctures  of  these  insects,  as  has  been  suggested  at  times  of 
other  insects. 

LIFE  HISTORY  NOTES. 

There  arc  probably  but  few  species  of  Thysanoptera  whose 
life  histories  have  been  completely  worked  out,  and  probably  no 
American  species  in  which  the  life  history  has  been  carefully  de- 
termined. Probably  the  most  complete  account  of  the  life  his- 
tory of  an  American  species  is  to  be  found  in  Bulletin  No.  27,  of 
the  Iowa  Agricultural  College,  p.  139,  referring  to  the  Western 
onion  thrips  (Thrips  alii,  Gillette). 

Prof.  Osborn  here  gives  some  observations,  with  those  of 
Miss  Alice  M.  Beach.  The  eggs  of  Thrips  alii  are  said  to  be  "de- 
posited slightly  beneath  the  surface  of  the  leaf,  and  imbedded  in 
the  cell  structure.  The  larvae  hatch  from  the  eggs,,  work  their 
way  through  the  surface  of  the  leaf,  issue,  and  very  soon  begin  to 
feed  upon  the  plant  tissue.  They  evidently  grow  quite  rapidly, 
and  there  is  in  all  probability  a  number  of  generations  each  year, 
but  just  how  many  is  not  known." 

With  regard  to  Thrips  tritici,  not  much  can  be  said.  Eggs 
are  probably  placed  beneath  the  surface  of  the  tissue,  judging 
from  the  habits  of  its  near  relative,  and  from  the  fact  that  the 
female  possesses  a  saw-like  ovipositor.  The  egg  state  probably 
lasts  about  five  days.  The  young  when  first  hatched  are  exceed- 
ingly small,  and  quite  colorless.  They  measure  about  .8  mm.; 
growth  18  rapid  and  by  the  end  of  the  sixth  day  they  are  about 
one-half  the  si2e  of  an  adult,  and  the  body  is  distinctly  yellowish. 
The  pupae  arc  less  active  than  the  adults  or  larvae.  Adults  of 
both  sexes  are  very  active,  and  fly  readily.    They  have  a  curious 
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habit  in  common  with  other  species,  of  curling  up  the  abdomen 
in  a  very  threatening  manner.  When  observed  under  a  hand 
lense  this  appears  very  ludicrous.  But  this  curling  up  of  the 
abdomen  seems  to  be  necessary,  for  them  to  spread  their  heavily 
fringed  wings,  as  Prof.  Gillette  has  pointed  out.  I  have  never 
observed  their  doing  this  except  to  aid  in  spreading  their  wings 
preparatory  to  taking  flight.  As  has  been  said  before,  dry 
weather  seems  to  be  favorable  for  the  development  of  this 
species,  but  there  are  probably  other  causes  also  that  have  a 
marked  influence  on  their  abundance.  During  April  and  May 
thrips  were  quite  abundant  at  Lake  City.  By  June  3rd  nearly  all 
had  disappeared  from  strawberry  blooms  and  other  flowers.  At 
this  date,  August  ist,  they  are  somewhat  more  abundant  and  are 
to  be  found  sparingly  in  roses  and  other  flowers.  Probably  these 
insects  pass  the  winter  both  as  adults  and  nymphs. 

The  length  of  time  required  for  the  destruction  of  a  straw- 
berry bloom  will  vary  of  course  in  proportion  to  the  number  of 
thrips  infesting  it.  In  some  blooms  as  many  as  sixty-five  insects 
were  counted,  but  this  is  an  unusually  large  number.  Probably 
one-half  that  number  would  represent  approximately  the  number 
more  usually  present. 

DESCRIPTION. 

"Male,  length  .75-.80  mm.  (.029-.031  of  an  inch);  width  .20 
mm.  (.007  of  an  inch).  Female,  length,  1. 10- 1.20  mm.  (.042-.046 
of  an  inch) ;  width,  .25  mm.  (.009  of  an  inch).  Color,  yellow, 
thorax  tinted  with  orange;  antennae  with  dusky  annulations. 
Head  from  above  nearly  square,  eyes  occupying  anterior  angles. 
Antennae  approximate  at  base,  joint  two,  apical  half  of  four,  and 
six,  dusky;  joints  three  and  five  dusky  at  apex,  the  antennae 
appearing  annulated  under  low  power  of  microscope.  Head, 
thorax  and  abdomen  with  a  few  stiff  hairs.  Legs  concolorous 
with  body,  all  the  tibiae  with  two  spines  at  the  distal  end,  distal 
joints  of  tarsi  a  little  dusky,  proximal  joints  of  tarsi  with  two 
spines.  Wings  narrow,  hyaline,  fringes  whitish;  anterior  wings 
have  a  costal  fringe  of  shorter  ciliae  than  posterior  ones,  and  the 
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ciliae  are  intermixed  with  shorter,  stiffer,  spiny  hairs,  which  at 
base  replace  the  fringe;  two  rows  of  blackish  spines  on  the  upper 
surface  of  wing  corresponding  with  subcostal  and  median  veins. 
Posterior  wings  with  no  discal  spines,  ciliae  of  anterior  edge 
shorter  and  more  spiny  than  those  of  posterior.  Both  wings 
have  rows  of  very  minute  hairs  on  the  surface.    The  males  are 


Fig.  4-73r//ii  Iriiici.  troni  a  photomloroffrapb,  greatly  aniariced. 

shorter  and  smaller  than  the  females,  with  wings  reaching  be- 
yond the  tip  of  the  abdomen." — 'H.  Osbom.  See  figure  4  from  a 
photomicrograph,  greatly  enlarged. 

Nymph,  or  Larva. — Length  of  body  .75  mm.  (.029  of  an 
inch:  width  .20  mm.  (.007  of  an  inch).  Shape  oblong,  tapering 
caudad  from  about  sixth  abdominal  segment,  and  cephalad  from 
posterior  corners  of  prothorax.    Color  yellow,  antennae,  lighter. 

*^e  CBDadian  Eatomologist,  p.  156,  Au^.  1883. 
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Eyes  reddish.  Antennae  short,  joints  shorter  and  breaded  than  in 
adults;  fourth  and  succeeding  joints  not  well  separated.  Body 
sparsely  haired;  under  high  power  of  microscope,  body  is  seen  to 
be  covered  with  short,  pointed  processes.  Head  about  one-half 
as  wide  as  prothorax;  rounded  in  front. 

Eggs. — Bodies  were  frequently  pressed  from  abdomens  of 
females  which  arc  probably  to  be  regarded  as  eggs.  Size 
.6x.lmm.  (.023X.003  of  an  inch) ;  curved,  oblong  in  shape.  The 
number  of  these  bodies  observed  in  females  varied  from  two  to 
five.    More  usually  three. 

Dr.  Fitch  describes*  what  he  regarded  as  eggs  of  this  species, 
as  very  minute,  oval,  almost  globular  bodies,  bright  red  in  color, 
and  attached  to  a  leaf  by  a  short,  thick,  crinkled  stalk  or  stem, 
which  is  dull  white  in  color.  It  seems  probable  that  these  bodies 
were  not  eggs  of  Thrips  tritici  as  Dr.  Fitch  supposed. 

TREATMENT. 

Several  different  insecticides  were  tried  against  this  insect, 
the  results  of  which  are  herewith  given : 

Sulphur  Spray. — Eight  rows  of  badly  infested  plants  were 
sprayed  with  sulphur  spray.  Three  rows  were  left  unsprayed  as 
checks.    Formula  of  sulphur  spray  used  is  as  follows : 

Flowers  of  Sulphur 3     pounds 

Caustic  Soda 2    pounds 

Water 1-3  gallon 

To  this  was  added  two  gallons  of  water,  the  whole  making  a 
stock  solution.  The  stock  solution  was  used  at  the  rate  of  one  and 
one-half  pints  to  twelve  gallons  of  water,  and  applied  to  all  parts 
of  the  plant  with  a  barrel  pump  sprayer. 

Immediately  after  spraying  the  bloom  was  carefully  ex- 
amined. A  few  thrips  were  observed  to  have  been  killed.  Many 
seemed  distressed,  but  the  majority  were  not  so  severely  injured 
but  that  by  the  time  the  insecticide  had  dried  from  the  blooms, 
they  were  to  all  appearances  about  as  lively  as  ever.  The  sprayed 
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rows  were  examined  again  the   next  morning  when  the  thrips 
were  found  as  abundant  as  in  the  untreated  check  rows. 

Flowers  of  Sulphur. — Four  rows  were  thoroughly  dusted 
with  flowers  of  sulphur  to  determine  its  value  as  a  repellant.  Two 
rows  were  left  as  checks.  No  difference  could  be  detected  in  the 
abumfamce  of  thrips  in  the  treated  and  untreated  rows. 

Pyrethrum  Powder.— Pure  pyrethrum  powder  was  dusted 
thoroughly  on  three  rows,  with  a  Lcggett  powder  gun.  Two 
rows  were  left  as  checks.  The  pyrethrum  seemed  to  be  of  no  ap- 
preciable value  against  the  thrips.  They  were  observed  to  feed 
readily  amongst  the  powder  adhering  to  the  bloom. 

Pyrethrum  in  Water. — Pyrethrum  powder  suspended  in 
water  was  tried  at  the  rate  of  one-fourth  pound  pyrethrum  to  six 
gallons  of  water.    This  proved  to  be  of  but  little  if  any  value. 

Pyrethrum  Decoction. — One-fourth  pound  of  pyrethrum 
powder  was  steeped  for  an  hour,  the  water  breaking  into  a  boil  a 
few  times.  This  was  diluted  with  eleven  gallons  of  water  and  ap- 
plied with  a  knapsack  pump.  Two  rows  were  sprayed,  one  kept 
as  a  check.  Examination  immediately  after  spraying  showed 
that  a  small  proportion  had  been  killed,  and  others  were  more  or 
less  distressed.  Many  thrips  had  run  out  on  the  petals,  and  se- 
pals, from  which  the  solution  soon  dried  and  the  thrips  seemed 
to  be  unharmed.  The  next  day  no  difference  could  be  detected 
in  the  relative  abundance  of  thrips  in  the  treated  and  untreated 
rows.  Doubled  the  strength  of  pyrethrum.  Results  some  im- 
provement on  above. 

Tobacco  Dust — Tobacco  dust  was  thoroughly  sprinkled 
over  and  worked  among  the  leaves  of  one  row  of  plants.  One 
row  was  kept  as  check.  No  difference  in  the  number  of  insects 
in  the  two  rows  could  be  detected,  when  examined  at  different 
intervals. 

Tobacco  Decoction. — One  pound  of  tobacco  stems  and 
leaves  was  boiled  for  one-half  hour  in  two  gallons  of  water.    This  j 

was  strained,  and  diluted  with  four  gallons  of  water  and  applied 
to  four  rows  with  knapsack  sprayer.  Two  rows  were  kept  as 
check.  Immediately  after  spraying,  examination  showed  this  in- 
secticide was  particularly  disagreeable  to  the  thrips.    A  small 
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proportion  were  killed  or  evidently  dying.  Most  of  the  adults 
had  left  the  flowers  entirely.  Examination  the  next  day  showed 
that  the  sprayed  plants  were  much  freer  from  thrip  than  checks. 

Rose  Leaf  Insecticide. — ^This  is  an  insecticide  manufactured 
by  the  Louisville  Spirit  Cured  Tobacco  Co.,  Louisville,  Ky.  It 
is  claimed  by  the  manufacturers  that  it  is  an  extract  of  tobacco, 
of  a  uniform  strength  of  nicotine.  It  should  be  noted  that  in  a 
decoction  made  by  boiling  stems  and  leaves  in  water,  the  per 
cent,  of  nicotine  is  quite  variable  owing  to  the  variation  in  quan- 
tity of  this  compound  in  different  plants.  This  Rose  Leaf  was 
used  at  the  rate  of  one  pint  to  six  gallons  of  water,  and  sprayed  * 
thoroughly  on  five  rows  with  a  knapsack  sprayer.  Two  rows 
were  reserved  as  checks.  Examination  immediately  after  spray- 
ing showed  that  the  insecticide  was  much  more  effective  than 
anything  yet  tried. 

Quantities  of  thrips  were  dead  evidently  where  the  spray 
had  first  touched  them.  Others  were  dying  or  trying  to  work 
their  way  out  of  the  insecticide,  but  were  soon  overcofne.  The 
ptT  cent,  of  thrips  destroyed  by  this  insecticide  would  probably 
be  near  sixty-five  or  seventy.  The  action  of  the  fluid  seemed  to 
.  be  that  of  a  strong  irritant,  and  was  sufficiently  sticky  to  prevent 
the  insect  from  escaping,  after  the  spray  had  struck  it. 

Kerosene  Emulsion. — This  insecticide  was  made  according 
to  the  following  formula: 

Soap  (hard) i  pound 

Water I  gallon 

Kerosene 2  gallon 

Two  quarts  of  this  stock  solution  were  used  to  six  gallons 
of  water  and  applied  with  a  knapsack  sprayer  to  four  rows  of 
plants.  The  thrips  were  killed  in  considerable  numbers.  How- 
ever, many  that  were  thoroughly  wet  were  observed  to  crawl  out 
on  the  higher  parts  of  the  petals,  and  probably  eventually  re- 
covered. Probably  a  stronger  solution  of  the  emulsion  would  be 
quite  efficient,  but  the  danger  of  tainting  the  fruit  would  exclude 
its  use.  And  the  application  of  the  emulsion  of  the  strength 
above  indicated,  would  probably  slightly  taint  the  fruit. 

Carbolic  Acid  in  Water. — This  was  used  at  the  rate  of  one 
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ounce  of  acid,  to  six  gallons  of  water.  The  acid  used  was  com- 
paratively pure,  being  derived  from  carbolic  acid  crystals.  This 
mixture  was  applied  with  a  knapsack  sprayer  to  four  rows  oi 
plants,  two  being  kept  as  checks.  The  use  of  this  insecticide  re- 
sulted in  killing  a  small  proportion  of  thrips  and  drove  many 
from  the  blooms.  Examination  the  next  day  did  not  show  any 
marked  freedom  of  the  sprayed  plants  from  thrips,  as  com- 
pared  with  checks. 

Whale  Oil  Soap. — ^This  was  used  in  the  proportion  of  one- 
half  pound  of  soap  to  six  gallons  of  water.  Applied  thoroughly 
with  barrel  pump  sprayer.  Three  rows  were  sprayed,  one  was 
kept  as  check.  This  insecticide  seemed  to  be  of  some  value. 
Some  insects  were  killed,  and  the  flowers  were  comparatively 
freed  from  thrips.  Examination  of  sprayed  rows  the  next  day 
did  not  reveal  much  reduction  of  thrips  as  compared  with  their 
abundance  in  the  checks. 

From  the  results  recorded  above  it  will  be  observed  that  the 
"Rose  Leaf  Insecticide"  gave  much  the  most  satisfactory  results. 
Its  superiority  seems  to  be  in  its  slight  stickiness  to  hold  sprayed 
insects  from  escaping,  and  in  the  rapidity  with  which  it  acts  upon 
the  insects. 

It  was  early  observed  that  the  thrips  passed  readily  from 
plant  to  plant,  many  leaving  the  flowers  upon  slight  disturbance; 
and  some  that  had  been  caught  in  the  spray  were  able  to  crawl 
out  from  the  blooms  and  eventually  escape  to  other  parts  of  the 
field.  This  activity  of  the  insects  in  passing  to  different  plants 
explains,  somewhat  their  abundance  in  sprayed  blooms,  fre- 
quently in  less  than  twenty-four  hours  after  having  been  sprayed, 
and  comparatively  freed  from  the  insects. 

To  get  the  best  results,  it  seems  necessary  that  an  entire 
patch  should  be  sprayed,  and  within  as  short  a  period  of  time  as 
practicable.  To  test  the  value  of  such  a  precedure,  the  entire 
patch,  save  one  row  as  check,  upon  which  the  foregoing  experi- 
ments were  conducted,  was  sprayed  thoroughly  with  the  "Rose 
Leaf  Insecticide."  The  results  obtained  from  this  spraying  indi- 
cated that  much  could  be  done  to  keep  the  thrips  in  check  by 
its  use  when  applied  to  the  entire  patch.  The  thrips  were  re- 
duced throughout  the  patch  at  least  one-half  in  numbers. 
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A  second  spraying  of  the  patch  two  or  three  days  later 
would  probably  have  done  much  to  exterminate  them.  But  if 
the  thrips  were  quite  reduced,  and  a  patch  left  for  some  time 
without  spraying,  in  all  probability  the  insects  would  become 
quite  numerous  again,  from  the  fact  that  they  are  very  abun- 
dant in  many  other  flowers,  and  that  they  pass  readily  from  place 
to  place.  Magnolia  blossoms  were  most  badly  infested,  and  it 
seemed  that  thrips  were  more  abundant  in  strawberry  blooms, 
after  a  strong  wind  from  the  direction  of  a  neighboring  ham- 
mock containing  many  of  these  trees. 

It  should  be  borne  in  mind  that  in  the  use  of  an  insecticide 
on  strawberry  plants  during  the  fruiting  season,  an  insecticide 
must  be  used  that  will  not  injure  the  ripe  or  nearly  ripe  fruit  for 
market  or  eating  purposes.  The  difficulties  in  finding  an  insecti- 
cide that  is  effective  against  the  insects,  and  harmless  to  the  fruit, 
are  considerable.  These  conditions,  however,  seem  to  be  fairly 
met  in  the  insecticide  under  consideration.  Berries  thoroughly 
sprayed,  and  then  well  washed,  carried  no  taste  of  the  insecticide, 
that  the  writer  could  detect. 

Possibly  a  strong  tobacco  decoction  mixed  with  sufficient 
cheap  molasses  to  make  it  slightly  sticky  would  give  satisfactory 
results  against  thrips. 

It  has  been  stated  that  the  Clouds,  a  pistillate  variety, 
are  less  subject  to  attack  than  the  pollen  bearing  bloom,  as  the 
Newnan.  If  this  be  true,  it  would  probably  be  an  advantage  to 
plant  only  enough  pollen  producing  plants  to  insure  the  fertiliza- 
tion of  the  pistillate  bloom.  Both  the  Newnans  and  the  Clouds, 
were  carefully  observed  during  the  last  spring  with  reference  to 
this  point,  and  in  the  case  under  consideration,  but  little  if  any, 
difference  was  Observed  in  the  number  of  thrips  in  these  two 
varieties. 

THE  STRAWBERRY  PAMERA. 
(Pamera  vincta,  Say.)     Order  Hemiptera.     Family  Lygaeidae. 

This  insect,  first  described  by  Thomas  Say,  has  not,  I  be- 
lieve, been  previously  recorded  as  of  any  economic  importance. 


565 

Thomas  Say  gives  the  habitat  of  this  insect  as  *  Florida.  I  have 
been  unable  to  find  any  other  reference  to  this  insect,  than  his 
original  description. 

For  several  years  past  this  insect  has  been  recognized  as  an 
enemy  to  strawberries.  In  1892  Prof.  P.  H.  Rolfs  observed  the 
insects  in  considerable  abundance  among  strawberry  plants; 
feeding  on  the  young  green  berries.  Since  that  date  it  has  been 
under  more  or  less  of  observation  in  the  field  and  it  has  been 
observed  that  it  feeds  to  a  considerable  extent  upon  the  fruit, 
seeming  to  prefer  the  younger  berries;  it  also  feeds  on  the 
petioles  of  the  leaves. 

As  will  be  seen  later  there  are  several  insects,  whose  injuries 
are  essentially  the  same,  that  may  be  concerned  in  the  so-called 
"buttoning"  of  young  fruit.  All  strawberry  growers  are  doubt- 
less familiar  with  these  buttons,  as  small,  hard  and  woody  berries, 
which  do  not  develop  into  large  and  perfect  fruit,  but  remain 
small  and  worthless.  Almost  any  strawberry  plant  will  have  some 
of  these  buttons  on  it.  A  study  of  this  insect,  both  in  the  field 
and -laboratory,  make  it  seem  quite  certain  that  it  is  responsible, 
to  a  considerable  extent,  for  this  buttoning  of  the  fruit  in  certain 
parts  of  Florida.  The  tarnished  plant  bug,  described  later, 
occasions  this  buttoning  also,  but  the  tarnished  plant  bug  is  not 
nearly  so  abundant  in  strawberry  fields  in  Florida  as  the  species 
under  consideration. 

Specimens  of  the  strawberry  Pamera  kept  in  the  laboratory 
on  strawberry  plants,  were  observed  to  feed  mainly  on  the 
ovaries  of  the  young  fruit.  Walking  around  over  the  berry,  the 
beak  was  thrust  first  down  into  one  ovary,  and  th'en  another, 
frequently  fifteen  or  eighteen  ovaries  being  piefced  during  the 
course  of  half  an  hour.  As  is  well  known,  the  ovary  is,  physio- 
logically, an  essential  part  of  the  fruit  of  the  strawberry,  and  if  a 
considerable  number  of  ovaries  are  destroyed,  the  development 
of  the  receptacle,  the  juicy  part  of  the  ripe  strawberry,  is  checked. 
This  insect  seems  to  destroy  the  vitality  of  the  ovaries  which  it 
attacks;  in  case  the  attack  has  been  severe,  i.  e.  many  of  the 
ovaries  of  the  fruit  having  been  pierced,  the  berry  rarely  de- 
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velops  to  anything  of  value.  Further  growth  is  greatly  checked, 
and  the  receptacle  eventually  becomes  more  or  less  woody,  pro- 
ducing a  "button,"  Very  young  fruit  seem  to  suffer  more 
severely  yet.  In  such  fruit,  the  receptacle  is  also  attacked,  and  it 
usually  results  in  the  blackening,  and  eventual  drying  up  of  the 
berry.  This  effect  was  observed  repeatedly  in  the  laboratory; 
blossoms  are  sometimes  attacked,  with  the  same  results.  One 
insect  may  so  pierce  a  very  young  fruit  or  blossom  that  it  will 
die.  After  a  berry  has  become  a  third  grown  it  is  probably  safe 
from  destruction  from  this  insect. 

The  extent  of  the  injury  of  an  individual  insect  was  not  sat- 
isfactorily determined.  However,  it  would  be  a  moderate  esti- 
mate to  charge  it  with  twoor  three  young  berries  a  day.  But  at 
this  rate,  from  the  fact  that  both  adults  and  young  feed  on  the 
berries,  and  that  they  are  usually  quite  abundant,  the  total 
damage  done  by  this  species  during  a  season  must  be  consider- 
able. 

DESCRIPTION  OF  THE  DIFFERENT  STAGES,, 

Egg. — Length  .88  mm.;  width  .43  mm.  (.034X.016  of  an 
inch);  elliptical  in  shape;  no  markings;  on  the  apical  end  are  five 
short  processes,  each  process  ending  distally  in  a  thick  hook,  the 


FIk- S— Egg  of  Pamrravincia,  (rom  a  pliolomlcroKraph.  greatly  enl«Tg«a. 

hook  projecting  outward.    See  figure  5  from  a  photomicrograph, 
much  enlarged. 

NYMPHS. 
First  Stage. — Length  of  body.  1.75  mm;  (.068  of  'an  inch); 
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length  of  body  and  antennae,  3  mm.  (.117  of  an  inch);  length  of 
head,  .45  mm.  (.017  of  an  inch)  width  of  head,  .46  mm.  (.1 17  of  an 
inch);  width  across  prothorox,  .5  mm.  (.019  of  an  inch);  width 
across  third  abdominal  segment,  .63  mm.  (.024  of  an  inch). 

In  general  shape  the  body  is  oblong,  not  depressed;  head  is 
somewhat  triangular,  slightly  constricted  behind  the  eyes;  pro- 
notum  as  seen  from  above,  rectangular,  about  twice  as  wide  as 
long;  meso,  and  metanotum  together  about  equal  in  area  to 
pronotum  and  somewhat  trapezoidal  in  shape ;  lateral  margins  of 
pronotum  and  mesonotum,  and  caudal  margin  of  pronotum  flat- 
tened into  a  narrow  rim.  Abdomen  about  three-fourths  as  long 
as  head  and  thorox  together.  Antennae  four  jointed,  excluding 
a  very  short,  possible  joint  at  base ;  first  joint  about  two  and  one- 
half  times  as  long  as  wide,  sub-cylindrical  in  shape;  second  joint, 
.26  mm.  in  length,  about  equal  in  size  and  length  to  third  joint; 
fourth  joint  somewhat  longer  than  second,  and  spindle  shaped. 
Numerous  hairs  are  distributed  quite  evenly  over  the  three  distal 
joints,  first  joint  sparsely  haired. 
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Pig.  6— Illustrating  comb  on  tarsus  of  front  leg  of  Pamera  vincta^  first  sta^e.   En- 
larged* 

The  beak  is  distinctly  four  segmented;  the  third  and  fourth 
about  equal  length;  the  second  is  the  longest,  being  .21  mm.  in 
length ;  the  first  is  three-fourths  the  length  of  the  second. 

Labrum  is  narrow  and  pointed,  about  two-thirds  as  long  as 
first  segment  of  sheath. 

Qypeus  protruding  as  a  semi-ellipse;  eyes  large;  no  ocelli 
Legs  well  developed;  femora  of  the  first  pair  somewhat  thick- 
ened, about  one-fourth  as  thick  as  long,  with  tibia  about  same 
length  as  femora,  becoming  broader  distally.  On  the  distal  end 
of  each  fore  tibia,  is  a  fine  comb-like  row  of  hairs,  extending 
transversely  across  from  a  large  terminal  spine  to  the  point  of 
the  attachment  of  the  tarsus  (see  figure  6) ;  on  the  distal  third  of 
the  posterior  aspect  of  each  of  these  tibia  are  two  rows  of  diverg- 
ing spines,  becoming  stronger  distally,  and  terminating  on  each 
end  of  the  comb  of  fine  hairs.  | 
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The  tibia  of  the  second  pair  of  legs  is  about  equal  in  lenf;th 
to  a  femora  of  that  pair.  In  the  third  pair,  the  tibia  is  approxi- 
mately a  fourth  longer  than  the  femora  of  that  pair.  The  tarsi 
are  two  jointed.  In  the  first  and  second  pairs,  the  distal  joint  is 
the  longer;  in  the  third  pair,  the  joints  are  equal.  In  all  of  the 
tarsi  the  proximal  joint  is  obliquely  pointed,  the  distal  joint  is 
attached  to  the  anterior,  and  proximal  part  of  the  oblique. 

The  claw  is  composed  of  two  strongly  curved  hooks,  set 
transverse  to  the  length  of  the  tarsus,  and  two  bladd^-like  struc- 
tures on  stalks,  extending  distally  from  the  base  of  each  hook  is 
a  slightly  curved  bristle. 

The  body  is  sparsely  covered  with  slender  hairs;  on  the  legs 

these  become  much  thicker;  on  the  distal  portion  of  the  tibia 

they  are  much  larger,  amounting  almost  to  spines. 

When  first  hatched  the  insect  is  ra):her  uniformly  bright  red 


F\g.  7'^Patfura  vtMc/a,  first  stage;  hair  line  indicates  natural  length. 

in  color.  This  soon  changes,  and  the  general  color  becomes  red- 
dish brown  with  the  red  restricted  mainly  to  the  distal  joints  of 
the  antennae,  the  proximal  joint  of  the  beak,  the  femora,  and  to 
the  caudal  part  of  the  abdomen.  On  the  dorsum  of  the  abdo- 
men, on  each  of  what  are  probably  the  fourth  and  fifth  segments, 
is  a  rectangular  spot  of  a  deep  red  color.  There  is  a  streak  of  red 
across  the  abdomen,  on  the  caudal  margin  of  the  second  seg- 
ment.   See  figure  7,  much  enlarged. 

Second  Stage. — Length  of  body  2.6  mm.  (.101  of  an  inch); 
length  of  body  and  antennae  4.  mm.  (.156  of  an  inch);  length  of 
head  .61  mm.  (.023  of  an  inch);  width  of  head  .61  mm.  (.023  of  an 
inch);  width  of  prothorox  .75  mm.  (.027  of  an  inch);  width  of 
body  across  third  abdomen  segment  .96  mm.  (.037  of  an  inch). 
Body  oblong;  head  less  constricted  behind  the  eyes  than  in  stage 
L'  Antennae,  beak,  femora,  tibiae  and  claws  as  in  previous  stage, 
except  that  the  spines  on  posterior  surface  of  tibia  are  larger,  and 
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are  more  nearly  in  rows,  two  rows  on  each  tibia.  The  abdomen 
ends  in  a  short  fleshy  protuberance.  Color  also  much  as  in  first 
stage,  the  bright  red  in  distal  segment  of  antennae  becoming 
deqxr,  less  red  in  abdomen;  quadrate  spots  and  band  same  color 
as  before.    Sec  figvnre  8,  much  enlarged. 


Fig.  ^—/^amtra  vincia^  second  stage;  hftlr  line  Indicates  natural  length. 

Third  Stage. — Length  of  body  3.1  mm.  (.12  of  an  inch); 
length  of  body  and  antennae  4.45  mm.  (.173  of  an  inch);  length 
of  head  .78  mm.  (.31  of  an  inch);  width  of  head  .63  mm.  (.24  of 
an  inch) ;  width  across  prothorox  .7  mm.  (.027  of  an  inch) ;  width 
of  third  abdomen  segment  1.16  mm.  (.045  of  an  inch).  Body 
rather  oval  in  shape,  proportionately  narrower  in  front  than 
formerly,  the  width  of  the  prothorox  being  less  than  in  the  pre- 
ceeding  stage.  Head  somewhat  longer  than  wide;  there  is  a  de- 
cided indentation  on  each  side,  where  the  antennae  are  attached. 
Clypeus,  antennae  and  legs  as  previously  described.    Pronotum 


Flir.  9— /'aMrr«  vimOa,  third  stage;    hair  line  Indicates  natural  length. 

not  quite  as  wide  as  long;  no  essential  change  in  meso  and 
metathorox.  Beak  reaching  nearly  to  the  middle  coxae;  tip 
clouded  with  black.  General  cdior  brownish  yellow;  head  deep 
browm;  pronotum  a  shade  lighter.  Eyes  a  brownish  black.  Red 
maiidngs  as  in  prevknts  stages.  See  figure  9,  much  enlarged. 
Fourth  Stage. — Length  of  body  3.6  mm.  (.14  of  an  inch); 
length  of  body  and  antennae,  5*83  mm.  (.227  of  an  inch) ;  length 
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of  head  .83  mm.  (.032  of  an  inch) ;  width  of  head  .78  mm.  (.03  of 
an  inch);  width  of  prothorox  .9  mm.  (.035  of  an  inch);  width  of 
third  abdominal  segment  1.19  mm.  (.046  of  an  inch).  Body 
elongated,  and  becoming  somewhat  depressed.  Wing  pads 
plainly  visible,  the  anterior  pair  being  about  one-half  as  long  as 


Fig.  \(y—Pa»tera  vincta^  fourth  stage?    hair  line  iudicat^i  natural  length. 

mesonotiim;  both  pairs  extending  nearly  to  caudal  margin  of 
first  abdominal  segment. 

Distal  segment  of  third  pair  of  tarsi  a  fourth  shorter  than 
proximal  segment.  Quadrate  markings  on  abdomen  separated 
into  five  or  six  rectangles,  by  transverse  lines.  In  other  respects 
this  stage  is  essentially  as  in  the  preceding.  See  figure  10,  much 
enlarged. 

Fifth,  and  Last  Nymphal  Stage. — Length  of  body  4.  mm. 
(.156  of  an  inch);  length  of  body  and  antennae  6.5  mm.  (-.253  of 
an  inch) ;  length  of  head  .86  mm.  (.033  of  an  inch) ;  width  of  head 
.85  mm.  (.033  of  an  inch);  width  of  prothorox  1.08  mm.  (.042  of 
an  inch);  width  across  third  abdominal  segment  1.4  mm.  (.054  of 
an  inch).  Body  elongated,  depressed.  Pronotum  wider  on 
caudal  margin  than  on  cephalic.  Wing  pads  equal  in  length  and 
reaching  to  transverse  bar  of  red,  on  second  abdominal  segment. 

First  and  second  joints  of  beak  equal  in  length;  tip  of  fourth 
joint  brownish  black.  Second  joint  of  antennae  longest. 
Femora  of  first  pair  of  legs  armed  with  six  or  seven  strong  spine 
like  projections  on  posterior  surface.  Scutellum  of  mesothorox 
plainly  outlined.  Tarsi  tipped  with  dusky.  General  color  of 
body  yellowish;  head  darkest;  distal  joints, of  antennae  reddish 


purple.     The  six  rectangular  spots  on  abdomen  alternately  one 
red,  and  two  black.    See  figure  1 1,  much  enlarged. 

Adult  Stage. — "Thorox  constrained  near  the  base,  and  with 
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a  transverse  line  before;  hemelytra  whitisK  with  a  fuscous  spot. 

Body  blackish,  punctured;  antennae,  basal  joint  yellowish, 

tipped  with  black;  remaining  joints  :  thorox  much  con- 


lodicates  Dstuntl  U 


Flf.  a-Pamirm^imcta,  adult:     hair  IIdg 

stricted  behind  the  middle,  sub-cylindric,  anterior  margin  with  a 
tion;  basal  edge  piccous;  scutel:  with  a  carinate  line;  hemelytra 
piceous;  posterior  margin  of  the  stricture  with  a  cinerious  reflec- 
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transverse  impressed  line,  anterior  to  which  the  margin  is 
yellowish  white  and  punctured  on  the  corium,  the  posterior  mar- 
gin of  which  is  fuscous;  membrane  milk  white;  abdomen  on  the 
margin  dull  rufous;  feet  whitish,  thighs  honey  yellow,  dilated. 
Length  one-tenth  of  an  inch. 

Differs  from  contracta  nob,  in  size,  arrangement  of  colors^ 
and  by  the  distinct,  impressed  line  before." — ^Thomas  Say.  See 
figure  12,  illustrating  an  adult,  and  figure  13,  illustrating  a 
tarsus.    Much  enlarged. 

All  specirtiens  of  this  species  which  I  have  examined  differ 


Fig.  IS^Tarsus  of  Pamera  vincta. 

from  the  above  description  in  two  or  three  particulars ;  the  length 
will  average  about  on^-fifth  of  an  inch,  nearly  twice  that  given  by 
Say.  However,  there  is  much  variation  in  length,  the  bodies  of 
some  males  measure  but  5-32  of  an  inch,  while  some  of  the  long- 
est females  measure  5-16  of  an  inch.  The  membrane  of  hemely- 
tra  is  much  clouded  with  dusky  above;  below  it  is  milk  white. 
The  feet  are  dusky.  The  claw  and  distal  segment  of  each  tarsus 
are  blackish,  the  clouding  extending  upon  the  tibia;  not  whitish. 
The  basal  joint  of  the  antennae  is  uniformly  yellowish,  there 
being  no  trace  of  black  on  distal  portion. 

The  antennae  of  an  adult  are  very  simitar  to  that  of  the 
nymph.  The  first  joint  being  short,  about  two  and  one-half  times 
as  long  as  thick;  second,  third  and  fourth  joints  are  of  about 
same  length;  second  and  third  are  cylindrical  in  shape;  fourth 

joint  is  spindle  shaped.  First,  second  and  third  joints  are  uni- 
formly yellow.     Fourth  joint  rufous.    Tarsi  composed  of  three 

segments. 

LIFE  HISTORY  OF  THE  INSECT. 

In  order  that  the  insects  might  be  kept  under  observation 
during  their  entire  life  cycle,  twenty-five  or  thirty  adults  were 
captured  from  strawberry  plants  and  brought  into  the  labora- 
tory.   Several  strawberry  plants  bearing  green  fruit  were  also 
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brought  in.    On  each  of  these  plants  a  cluster  of  green  fruit  was 
inclosed  in  a  large  glass  tube  and  loosely  plugged  at  the  bottom 
and  top  with  cotton.    Four  to  six  adults  were  placed  in  each  of 
these  tubes.    They  soon  became  accustomed  to  their  surround- 
ings, and  in  the  course  of  three  or  four  hours   were  observed 
mating  in  two  of  the  tubes.    Two  days  from  this  date  eggs  were 
distovered  down  in  the  loose  cotton  at  the  bottom  of  these  tubes. 
The  eggs  were  placed  in  groups;  probably  the  different  groups 
were  deposited  by  differ^t  females.  In  some  groups  the  number 
of  ^gs  was  as  low  as  six;  in  others,  as  many  as  twenty-five  were 
counted.    The  egg  state  lasted  eight  days.    When  first  deposited 
the  eggs  are  uniform  whitish  in  color.    By  the  end  of  the  third 
day  the  egg  has  a  decided  yellowish  color;  by  the  end  of  the  fifth 
day  this  has  changed  to  a  bright  red.    From  this  date  develop- 
ment seems  to  be  quite  rapid.    The  embryo  becomes  fairly  well 
outlined  in  the  course  of  another  day.    Early  on  the  seventh  day 
the  embryo  is  distinctly  outlined;  the  legs,  antennae  and  beak 
can  be  made  out  with  much  certainty.    From  this  time  the  red  of 
the  head  and  prothorox  deepens  to  a  reddish  brown;  the  three 
hasal  joints  of  the  antennae  become  clear  yellowish;  the  legs  be- 
come lighter. 

During  the  eighth  day  of  incubation  fully  two-thirds  of  the 

^gs  in  the  two  tubes  hatched  out,  the  skin  of  the  egg  breaking 
over  the  prothorox  and  head,  and  the  insect  gradually  working 
itself  free.  •  After  half  an  hour  of  quiet,  the  insects  move  slowly 
around  for  a  while,  and  soon  acquire  considerable  agility.  Feed- 
ing begins  usually,  in  the  course  of  an  hour  or  so. 

During  the  first  stage  they  probably  do  not  occasion  much 
harm  to  the  berries.    This  stage  lasts  five  days. 

During  the  second  stage,  feeding  continues  about  as  before; 
they  have  gained  in  agility,  and  are  easily  disturbed  from  the 
fruit.  The  second  stage  lasts  three  days.  The  third  also  lasts 
three  days.    Habits  and  appearance  similar  to  preceding  stage. 

By  the  fourth  stage,  the  insect  has  /become  of  sufficient  size 

to  be  decidedly  injurious    to  the  fruit.     They  have    now  the 

general  form  of  the  adults.    This  stage  continues  during  three 

days. 

The  fifth,  and  last  nymphal  stage  is,  as  a  whole,  less  active 

than  the  preceding  stages.    Feeding  continues  up  to  eight  or  ten 
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hours  before  the  last  moult,  when  feeding  ceases  for  the  greater 
part,  and  the  insects  remain  quiet.  When  disturbed  they  move 
reluctantly  and  slowly.  In  moulting  into  the  adult  stage,  and  in 
previous  stages  the  skin  splits  longitudinally  along  the  dorsum  of 
the  thorox,  and  the  old  skin  is  gradually  worked  off.  Immedi- 
ately after  moulting,  the  colors  are  much  lighter  than  normal. 
From  the  fifth  stage  the  normal  color  of  the  adult  is  attained 
after  twelve  or  fifteen  hours.    This  stage  lasts  five  days. 

The  length  of  life  of  the  adult  was  not  determined.  Speci- 
mens were  kept  in  a  breeding  cage  twenty  days,  when  they  un- 
fortunately escaped.  Nor  was  it  determined  how  soon  after  the 
adult  stage  is  reached  that  egg  laying  begins,  nor  the  total  num- 
ber of  eggs  that  may  be  deposited  by  one  female.  It  is  seen  from 
the  above  statements,  however,  that  the  life  cycle  from  egg  to 
adult,  requires  twenty-seven  days. 

THE  INSECT  IN  THE  FIELD. 

The  insects  are  probably  overlooked  by  many,  or  are  not  re- 
garded as  of  economic  importance.  To  one  standing  naturally, 
they  appear  in  the  older  stages,  very  much  like  the  yellow  ants 
that  are  so  common  in  strawberrv  fields,  and  elsewhere.  In 
many  cases  they  are  probably  mistaken  for  these  ants.  By  a 
more  careful  inspection,  however,  they  are  readily  distinguished 
from  ants  by  their  less  slender  form,  and  by  the  less  specialized 
body,  the  division  of  the  head,  thorox  and  abdomen  being  n.:.t 
nearly  so  well  marked.  And  the  insects  remain  more  or  less  in 
hiding,  preferring  to  remain  under  the  heavy  leaves  of  the  plants, 
or  in  the  surrounding  mulching.  It  is  very  probable  that  a  good 
many  fields  are  quite  badly  infested  with  these  insects,  and  their 
presence  is  not  suspected,  their  injuries  probably  being  attribut- 
ed to  other  causes,  or  possibly  not  recognized  to  any  extent. 
This  insect  cannot  be  regarded  as  a  menace  to  strawberry  grow- 
ers, at  least  at  present,  but  by  its  continuous  feeding  on  the 
young  fruit,  frequently  causing  them  to  **button,"  it  will,  during 
a  season,  cause  no  inconsiderable  loss. 

The  insects  probably  pass  the  winter  in  the  strawberry 
fields,  and  during  the  coldest  weather  find  protection  among  the 
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dead  leaves  of  the  plants  and  mulching.  Early  in  spring  adults 
may  be  seen  among  the  plants  in  considerable  numbers;  their 
activities  are  probably  not  suspended  during  our  milder  winters. 
In  the  course  of  a  few  weeks  young  in  various  stages  of  develop- 
ment are  to  be  seen.  By  the  time  that  the  earlier  and  more 
valuable  fruits  has  begun  to  form,  the  insects  are  abundant 
enough  to  cause  some  destruction.  As  the  season  advances  they 
become  much  more  numerous,  and  their  injuries  are  consequent- 
ly increased. 

Fields  a  year  or  two  old  are  very  naturally,  not  so  badly  in- 
fested as  older  ones.  The  usual  custom  of  mulching  offers  these 
insects  good  protection,  and  an  excellent  breeding  place. 

By  the  first  of  March  of  the  present  year  these  insects  were 
quite  abundant  in  the  fields,  in  all  stages,  here  at  Lake  City.  In 
more  southern  parts  of  the  State,  they  may  begin  breeding 
earlier;  possibly  breeding  continues  throughout  the  winter  where 
food  is  abundant.  Although  these  insects  have  been  frequently 
observ'ed  feedirig  on  the  leaf  stalks  of  the  plant,  yet  it  would  seem 
that  these  do  not  furnish  a  good  substitute  for  the  fruit.  After 
"running**  begins  and  the  formation  of  fruit  ceases,  they  are 
much  less  abundant,  than  when  fruit  was  abundant. 

Enough  adults,  however,  may  usually  be  found  among  the 
plants  to  infest  them  the  next  season.  The  adults  fly  readily 
during  the  warmer  part  of  the  day,  and  possibly  pass  from  one 
field  to  another.  At  this  date,  July  15th,  they  are  abundant  in 
the  plats  of  late  varieties,  which  are  still  fruiting,  on  the  Experi- 
ment Station.  In  fields  whei;e  Newnan  and  Cloud  varieties  are 
planted,  whose  fruiting  has  ceased,  they  are  not  nearly  so  abun- 
dant.  • 

I  have  not  been  able  to  discover  other  food  plants  of  this 
insect  than  the  strawberry.  The  insect  seems  to  be  indigenous, 
and  it  is  probable  that  its  preference  for  the  strawberry  is  an  ac- 
quired one.  A  near  relative  of  this  insect,  Pamera  longula, 
Dallas,  I  have  frequently  swept  from  oats  and  various  other 
g^rasses,  and  have  observed  them  in  various  stages  feeding  on  the 
involucre  of  the  Sand-spur  (Cenchrus  echinatus). 

Pamera  vincta,  in  the  field,  is  very  agile,  and  not  at  all  easy 
to  capture.    To  observe  them  in  their  natural  mode,  of  living, 
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one  must  approach  the  plant  carefully,  and  look  down  among 
the  leaves  on  the  ground  around  the  fruit  clusters.  Usually 
a  considerable  number  may  be  seen  on  the  fruit  with  their  beaks 
stuck  down  into  it,  sucking  up  the  juice  for  food ;  others  may  be 
standing  quietly  by,  or  walking  slowly  here  and  there.  Upwards 
of  fifty  of  these  insects,  in  various  stages  of  development,  have 
been  counted  around  a  single  plant.  A  slight  disturbamre  of  the 
plant,  less  than  that  caused  by  picking  the  fruit,  causes  a  panic 
among  them,  and  the  older  ones  dart  here  and  there  to  hide. 
Where  plants  are  mulched,  they  have  no  trouble  in  finding  pro- 
tection. Where  there  is  no  mulching,  they  may  run  out  from 
the  protection  of  the  plant,  and  the  adults  fly  away.  The  older 
nymphs  usually  run  off  to  neighboring  plants.  The  younger 
nymphs  do  not  leave  the  immediate  neighborhood  of  the  plant, 
but  find  protection  amongst  the  dead  leaves  of  the  plant,  on  the 
ground. 

HOW  TO  BEST  CONTROL  THE  INSECT. 

From  the  foregoing  it  will  be  seen  that  this  insect  will  be 
rather  difficult  to  successfully  combat.  From  the  fact  that  they 
obtain  their  food  by  sucking,  the  arsenical  compounds  that  kill 
by  being  eaten  with  the  food,  will  be  of  no  use.  An  insecticide 
must  be  used  that  kills  by  contact,  or  that  poisons  the  air  breath- 
ed by  the  insect.  The  great  agility  of  these  insects  makes  the 
application  of  such  insecticides  as  these  only  partially  effective, 
particularly  with  respect  to  the  adults.  However,  a  good  contact 
insecticide  may  be  used  with  advantage  during  the  cooler  \veath- 
er  of  the  spring,  or  in  early  morning,  or  late  in  the  evening.  At 
these  times  they  are  not  nearly  so  quick  to  escape  as  during 
mid-day,  the  adults  rarely  taking  flight.  Kerosene  emulsion  is 
a  gfood  insecticide  against  these  insects,  and  is  particularly  ef- 
festive  against  the  younger  nymphs.  If  used  thoroughly,  in  the 
spring,  and  during  the  cooler  portion  of  the  day  it  will  probaHy 
keep  them  well  in  check. 

There  is,  however,  an  objection  to  the  use  of  kerosene  emul- 
sion during  the  fruiting  season,  and  that  is,  that  it  taints  the  fruit 
upon  which  it  has  been  sprayed.  This  is  a  serious  objection  to  its 
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use  during  the  fruiting  season  of  the  plants,  and  if  the  insects  can- 
not be  gotten  well  in  check  before  fruit  begins  to  ripen,  an- 
other insecticide  should  be  used.  The  most  satisfactory  insecti- 
cide among  those  tested,  that  could  be  safely  used  during  the 
fruiting  season,  is  the  Rose  Leaf  Insecticide,  previously  referred 
to. 

This  insecticide  was  used  in  the  proportion  of  one  pint  ,to 
v^ix  gallons  of  water  and  was  thoroughly  applied  with  a  knapsack 
sprayer.  The  young  were  killed  quickly  by  it;  adults  are  not  so 
susceptible  possibly  from  the  fact  that  their  agility  enables  them 
to  escape  thorough  spraying.  However,  the  insects  can  proba- 
bly be  kept  in  check  by  this  destruction  of  the  young.  In  ap- 
plying this  insecticide,  and  all  others,  it  should  be  done  with  a 
good  spray  pump  of  some  kind,  and  applied  thoroughly.  The 
leaves  of  each  plant  should  be  moved  around  during  the  opera- 
tion of  spraying,  so  that  the  ground  beneath  may  be  thoroughly 
sprayed. 

Spraying  should  be  repeated  at  intervals  of  ten  or  twelve 
days,  until  the  insects  are  destroyed. 

This  insecticide  may  be  readily  washed  from  the  fruit,  and 
does  not  seem  to  leave  any  taste,  or  injurious  effects. 

THE  TARNISHED  PLANT-BUG.  (Lygus  lineolaris,  Beauv.) 

Order,  Hemiptera.    Family  Capsidae. 

The  injuries  of  the  tarnished  plant-bug  are  by  no  means 
confined  to  the  strawberry  plant.  Indeed,  but  few  species  of  in- 
sects cn'oy  a  wider  range  of  food  plant,  than  does  this  small  Cap- 
sid.  It  is  to  be  found  in  Florida  on  almost  all  varieties  of  garden 
produce,  and  on  various  field  crops  as  well.  Like  all  Hemipter- 
ous  insects,  it  feeds  by  sucking  up  sap  from  plants  with  its  beak, 
and  when  quite  numerous,  serious  damage  is  occasioned. 

Injuries  to  strawberries,  consists  in  puncturing  the  leaves, 
tender  shoots,  and  in  sucking  juice  from  the  young  green  ber- 
ries. This  attack  on  the  berries,  if  very  severe,  causes  them  to 
blacken  and  die.  In  less  severe  cases  the  fruit  "buttons,"  much 
as  in  the  case  of  the  strawberry  Pamera. 

While  this  insect  cannot  now  be  said  to  be  a  serious  draw- 
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back  to  strawberry  growers  in  Florida,  yet  it  must  be  carefully 
watched  in  that  it  has  been  known  to  cause  much  damage  to 
strawberry  growers  in  the  North.  Should  the  particu- 
lar conditions  that  best  favor  its  development  occur  in  our  State, 
we  might  expect  it  to  become  a  serious  pest. 

Dry  seasons,  such  as  the  spring  that  has  just  passed,  are  fa- 
vorable to  its  development,  and  it  is  during  such  seasons,  that 
its  ravages  will  be  most  felt.  Aside  from  this  dry  condition  of 
the  air  and  soil,  which  retards  the  development  of  the  fungous 
enemies  of  the  insect,  the  plant  infested  shows  the  effect  of  an  at- 
tack more  quickly,  in  that  respiration  is  greater,  and  the  water 
supply  less,  and  it  is  consequently  less  able  to  suffer  the  drain 
upon  its  sap. 

Dr.  S.  A.  Forbes,  records  one  instance*  where  this  insect, 
during  one  season,  occasioned  a  loss  of  between  five  and  ten 
thousand  dollars  to  an  extensive  strawberry  grower  in  Illinois. 
In  this  case  the  damage  was  occasioned  by  the  insects  attacking 
the  green  berries,  piercing  and  sucking  the  juice  from  them, 
which  caused  the  berries  to  wither,  and  blacken.  The  above  in- 
dication of  its  destructiveness,  well  emphasizes  the  necessity  of 
keeping  a  close  watch  on  this  pest  in  Florida. 

APPEARANCE  OF  THE  ADULT. 

The  adult  tarnished  plant-bug  is  illustrated  in  figure  14,  D 
considerably  enlarged.  The  small  hair  line  to  the  right  indicates 
approximately  its  natural  length.  As  seen  from  the  hair  line  it 
is  about  one  fourth  of  an  inch  in  length;  it  is  about  twice  aS  long 
as  broad.  The  body  is  elliptical  in  shape,  and  somewhat  flatten- 
ed. There  is  much  variation  in  color,  varying  from  a  rather 
uniform  brown  to  a  light  yellow.  The  usual  markings  may  be 
almost  entirely  absent.  More  commonl]^,  however,  the  insects 
are  yellwish  brown  in  general  color,  with  the  prothorax  margin- 
ed with  yellow,  and  with  several  yellow  longitudinal  lines  across 
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.  it;  on  the  scuttellum  is  a  yellowish  shaped  mark  and  there  is  a 
dark  patch  on  the  distal  portion  of  the  cerium. 

LIFE  HISTORY  AND  HABITS. 

Adults  appear  early  in  spring  among  the  various  plants 
which  they  infest.  It  seems  very  probable  that  the  winter  is 
passed  in  the  adult  condition.  In  the  North,  both  adults  and 
nymphs  pass  the  winter  under  rubbish  and  trash,  or  almost  any 


1  stuge:    C,  foartb  utage;  D, 


place  that  will,  afford  them  the  desired  protection.  This  mode 
of  passing  the  winter  is  probably  followed  by  these  insects  in 
Florida. 

On  the  Horticultural  grounds  of  the  Station,  these  insects 
have  been  observed  in  considerable  abundance  during  early 
spring,  in  the  St.  Augustine  grass  growing  on  the  slopes  of  the 
terraces.  It  is  probable  that  many  pass  the  winter  in  the  dried 
up  grass  along  these  terraces. 

After  the  appearance  of  adults  in  spring,  eggs  are  soon  depos- 
ited on  the  food  plant,  and  before  long  young  and  adults  may  be 
seen  feeding  together.    After  hatching  from  the  egg,  the  young 
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pass  through  four  stages  before  arriving  at  the  adult  condition. 
Soon  after  hatching  from  the  egg  they  are  sulphur  yellow,  or 
pale  green  in  color,  measuring  about  one-twentieth  of  an  inch 
in  length.    Figure  14,  A. 

During  the  second  stage  they  are  about  one-twelfth  of  an 
inch  in  length,  with  about  the  same  general  color  as  in  stage  I.  A 
black  quadrangular  spot  is  found  on  the  dorsum  of  the  abdomen. 
On  the  thorax  are  four  circular  black  spots,  varying  much  in 
the  degree  of  intensity.    See  figure  14,  B. 

The  third  stage  differs  from  the  second  mainly  in  size;  the 
length  now  being  about  one-eighth  of  an  inch.  Wing-pads  be- 
gin to  appear  as  slight  prolongations,  from  the  meso  and  meta- 
thorax. 

In  the  fourth  or  pupal  stage,  the  wing-pads  are  considerably 
elongated,  reaching  quite  to  the  fourth  abdominal  segment.  The 
length  is  now  about  one-eighth  of  an  inch,  the  breadth  averaging 
about  one-twelfth  of  an  inch.  In  this  stage  the  body  is  markedly 
broader  than  in  preceeding  stages.    Figure  14,  C. 

Several  broods  are  probably  raised  each  season.  Young 
may  be  observed  as  early  as  March,  and  throughout  the  summer 
until  November.  This  long  breeding  season  allows  of  three  or 
four  broods  each  year,  and  possibly  more. 

The  insects,  both  young  and  old,  are  quite  agile,  readily 
hiding  among  the  heavy  leaves  of  the  strawberry  or  other  plants 
that  they  infest,  thus  frequently  escaping  the  notice  of  the  grow- 
er entirely.  They  are  less  agile  during  the  cooler  mornings  of 
early  spring,  and  may  be  destroyed  much  easier  at  this  time,  than 
during  the  warmer  part  of  the  day,  or  later  in  the  season. 

HOW  TREATED. 

The  use  of  contact  insecticides  against  this  insect  is  not  very 
satisfactory,  as  may  be  judged  from  their  habits,  in  that  they  are 
quite  active,  particularly  during  the  warmer  weather.  How- 
ever, if  the  application  be  made  during  early  spring  when  the 
weather  is  still  cool,  considerable  may  be  accomplished  with  con- 
tact insecticides. 

Dr.  Forbes  of  the  Illinois  Experiment  Station,  who  has  giv- 
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en  this  species  considerable  study,  has  found  that  pyrethrum 
powder,  applied  either  diluted  with  flour,  or  suspended  in  water 
makes  an  efficient  remedy.  This  should  be  thoroughly  dusted  jr 
sprayed  on  the  plants  infested,  preferably  during  the  cooler  por- 
tion of  the  day.  If  the  dry  powder  is  to  be  used,  it  should  be  di- 
luted with  eight  or  ten  parts  of  cheap  flour,  and  dusted  on  while 
the  dew  is  on  the  pfeints.  When  it  is  desired  to  apply  the  powder 
with  a  spray  pump,  it  should  be  thoroughly  mixed  with  water  at 
the  rate  of  one  ounce  to  four  gallons  of  water. 

Kerosene  emulsion  is  also  effective,  and  can  be  used  safely 
before,  or  after  the  fruiting  season  has  passed. 

The  "Rose  Leaf"  insecticide,  previously  referred  to  was  not 
tried  against  this  insect.  It  would  probably  be  of  value,  applied 
as  for  the  strawberry  Pamera.  It  may  be  applied  during  the 
fruiting  season  without  detriment  to  the  ripe  fruit.  One  pint  to 
six  gallons  of  water  would  probably  be  about  the  right  strength. 

THE  LEAF-FOOTED  PLANT  BUG. 

(Leptoglossus   phyllopus,   Linn.)     Order   Hemiptera.     Family 

Coreidae. 

The  leaf-footed  plant  bug  not '  unfrequently  attacks  the 
strawberry.  In  early  spring  the  adult  may  sometimes  be  ob- 
served sucking  the  fruit  and  tender  shoots.  They  are  capable  of 
doing  considerable  damage  in  this  way.  Probably  they  occasion 
most  serious  harm  by  sticking  their  beaks  in  the  young  fruit, 
which  frequently  withers  and  blackens  from  the  attack.  They 
have  been  reported  as  attacking  the  blossoms  of  the  strawberry; 
this  is  not  at  all  improbable;  however,  the  writer  has  never  ob- 
served them  doing  so. 

The  usual  food  plant  of  this  insect  in  Florida  seems  to  be  a 
species  of  thistle,  (Carduus  spinosissimus).  On  this  plant  the 
insect  breeds,  and  the  young  and  old  may  be  seen  clustered 
around  the  heads,  sucking  juice  from  the  plant.  The  young  are 
confined  mainly  to  this,  and  similar  plants,  and  do  not,  as  a  rule, 
attack  garden  crops. 

However,  nymphs  were  observed  during  the  fall  of  '96,  on 


the  vines  of  the  Irish  potato,  where  it  would  seem  that  they  had 
developed  from  eggs.  The  young,  not  being  winged,  are  con- 
fined to  the  immediate  neighborhood  of  their  birth.    The  adults. 


however,  during  the  warmer  part  of  the  day,  are  quite  active,  and 
fly  readily  from  place  to  place.  Figure  15  illustrates  an  adult  of 
this  insect,  from  a  photograph,  enlarged  about  two-thirds. 

HOW  BEST  CONTROLLED. 

From  what  has  been  said,  it  is  evident  that  an  excellent  pre- 
ventive measure  would  be  the  destruction  of  the  plant  upon 
which  they  breed.  Where  the  insects  are  troublesome  it  would 
be  well  to  carefully  look  around  for  these  thistles  and  destroy 
them,  and  the  young  insects  infesting  them. 

Mr.  H.  G,  Hubbard,  in  "Insects  Affecting  the  Orange" 
states  that  asingle  large  patchof  thistles  has  been  known  to  infest 
a  wide  area,  but  that  when  these  were  cut  down  and  destroyed,  the 
bugs  in  time  disappeared  from  the  groves  in  the  neighborhood, 
and  gave  no  further  trouble.  This  statement  will  illustrate  the 
importance  of  attending  to  these  thistles. 

The  insect  may  be  kept  in  check  very  profitably  by  picking 
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them  from  the  plants  by  hand.  This  is  only  practicable  during 
cool,  cloudy  weather,  when  the  agility  of  the  insect  is  much  les-' 
sened.  Where  the  thistles,  upon  which  this  insect  breeds,  are 
kept  down,  there  is  usually  no  occasion  for  further  measures 
against  it. 

THE  NEGRO  BUG. 

(Corimelaena    pulicaria,    Germ.)    Order    Hemiptera.     Family 

Corimelaenidae. 


This  is  a  small,  black  bug  infesting  strawberries,  blackber- 
ries, raspberries  and  other  fruit.  In  Michigan  it  has  been  report- 
ed as  very  destructive  to  celery.  It  enjoys  a  wide  distribution 
over  the  U.  S.  and  Canada.  In  this  State  it  is  probably 
more  abundant  on  blackberries  than  other  fruit;  but  strawberries 
are  frequently  badly  infested. 

The  injury  of  this  insect  to  strawberries  and  blackberries  is 
due  mainly  to  the  strong  bed-bug  odor  which  it  imparts  to  ber- 
ries with  which  it  comes  in  contact.  A  gjeat  many  of  us  know 
by  experience  of  the  nauseous  flavor  imparted  to  fruit  by  this 
pest.  Although  the  culprit  may  have  left  the  fruit  for  some  time, 
his  tell-tale  odor  renders  the  berry  unfit  for  eating. 

Where  a  field  is  badly  infested  by  this  insect,  the  market 
value  of  the  fruit  is  greatly  lessened,  by  the  odor  which  it  imparts 
to  the  berries.  Aside  from  injury 'to  the  fruit  in  this  way,  this  in- 
sect occasions  considerable  damage  by  sucking  the  berries  and 
steins. 

Mr.  F.  M.  Webster  has  made  some  observations  on  this 
insect  in  captivity.  In  the  latitude  of  Indiana,  adults  confined  on 
wheat  under  glass,  and  fed  on  ripe  strawberries,  began  oviposit- 
ing^ May  20th.  The  eggs  were  placed  singly  on  the  leaves,  and 
sheath  of  the  grain.  The  eggs  are  elongate-oval  in  shape,  about 
.6x.4  mm.  in  length  and  breadth  respectively  and  are  of  a  very 
Ught  orange  color  when  deposited,  changing  to  a  livid  red  as  the 
embryo  becomes  nearly  developed.  The  egg  state  lasts  sixteen 
days  The  first  larva,  or  nymph  measures  .6  mm.  in  length ;  legs 
yellow,  body  brown  anteriorly,  barred  with  brown  posteriorly. 

The  adult  is  black,  with  a  white  stripe  on  each  side;  the  body 
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is  short,  broad,  and  somewhat  convex  above.    It  is  about  aa 
eighth  of  an  inch  in  length.    Figure  i6  illustrates  the  insect, 


» 


B 


Fig.  16— Ci»r/iM^Z0^jM/w/fVarM/ natural  size  and  enlarged.    (After  Riley.) 

natural  size,  and  much  enlarged  in  outline.  The  "scutel"  or 
shield  is  greatly  developed,  in  all  members  of  this  family,  cover- 
ing the  entire  dorsum  of  the  abdomen. 

HOW  CONTROLLED. 

I 

Mr.  G.  C.  Davis  of  the  Michigan  Station  has  made  a  number 
of  experiments  with  insecticides  and  repellants  against  this  in- 
sect* As  the  result  of  these  experiments  he  finds  that  the  use 
of  a  spray  of  crude  cart)olic  acid,  mixed  with  water  in  the  propor- 
tion of  a  tablespoonful  of  the  former  to  two  gallons 
of  the  latter,  was  a  very  effective  repellant  against  them  in  celery 
fields.  They  were  driven  and  scattered  by  the  offensive  odor  of 
the  acid. 

Mr.  Davis  also  used  air  slacked  lime  and  plaster,  impregna- 
ted with  the  odor  of  the  acid.  A  teacupful  of  acid  was  added  to 
a  bushel  of  lime,  or  to  the  plaster.  This  was  sprinkled  over  ihc 
plants,  and  was  found  to  retain  the  odor  longer  than  in  the  case 
of  the  spray,  although  not  so  strong. 

These  repellants  would  probably  be  of  much  value  in  keep- 
ing this  insect  away  from  the  strawberry  or  other  plants.  There 
is  possibly  some  objection  to  its  use  on  ripe  strawberries  that  are 
to  be  picked  soon  after  its  application.    However,  when  a  field 

has  become  badly  infested,  it  would  be  economy  to  thoroughly 
spray  the  field,  and  not  to  pick  the  berries  for  one  or  two  days 
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thereafter.  This  would  give  time  for  the  odor  to  quite  disappear 
from  the  fruit,  and  the  insects  would  probably  not  return  in  much 
severity.  There  need  be  no  fears  that  poisoning  might  result 
from  eating  berries  so  treated;  the  usual  washing  of  the  fruit 
would  probably  do  much  to  remove  all  trace  of  the  acid,  even  if 
picked  soon  after  having  been  .sprayed. 

Hot  water  was  also  used,  and  seemed  to  be  very  effective  in 
killing  the  bugs.  Water  heated  to  a  temperature  of  155  degrees 
F.  was  found  to  kill  the  bugs,  while  the  celery  plants  could  stand 
water  at  a  temperature  of  175  degrees  F.  The  use  of  hot  water 
would  probably  be  practicable  in  fighting  this  insect  on  strawber- 
ries. 

CUT-WORMS. 

• 

Under  this  name  are  to  be  included  larvae  of  several  differ- 
ent species  of  Noctuid  moths.  Cut-worms  are  usually  naked,  or 
but  slightly  hairy,  of  a  dark  color,  ranging  from  an  inch  to  an 
inch  and  one-half  in  length.  Cut-worms  as  a  rule  live  in  the  soil 
during  the  day  time,  and  at  night  come  out  to  feed.  They  attack 
various  plants,  usually  near  the  ground,  or  at  times  climb  upon 
the  plants,  eating  the  tender  stalks  and  buds.  In  this  way  from 
their  usual  abundance,  they  occasion  serious  trouble. 

In  the  strawberry  field,  cut  worms  are  frequently  very  abun- 
dant and  destructive.  Frequent  letters  have  come  to  the  Experi- 
ment Station  regarding  them.  One  grower  wrote  that  he  dug 
out  on  an  average  of  600  daily,  for  a  period  of  a  week,  and  finally 
gave  up  the  fight.  Another  grower  reports  that  he  has  found  as 
many  as  forty  near  a  single  plant.  These  might  be  regarded  as 
rather  extreme  cases,  but  it  is  well  to  recognize  the  fact,  that  cut- 
worms are  usually  sufficiently  abundant  in  the  fall  and  spring  in 
this  State,  to  warrant  our  recognizing  them  as  serious  pests. 

Our  more  common  and  injurious  cut-worms  are  larvae  of 
moths  belong  mainly  to  the  genera  Agrotis,  Mamestra  and 
Hadena,  The  most  abundant  and  serious  cut-worm  to  the  straw- 
berry in  this  locality  seems  to  be  the  larvae  of  Agrotis  ypsilon,  or 
the  greasy  cut-worm.  This  species  has  been  particularly  abun- 
dant during  the  late  fall  and  spring  just  passed. 
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Nearly  full  grown  larvae  of  this  species  were  placed  in 
breeding  cases  November  24th.  These  were  fed  until  December 
1 2th,  when  they  began  pupating.  In  a  few  days  all  had  pupated. 
On  January  23rd  forty-two  days  later,  the  first  moth  appeared. 
In  five  days,  all  pupae  had  changed  to  adults.  These  were  fur- 
nished with  plants  to  induce  oviposition,  but  this  wa^  not  ob- 
served nor  were  any  eggs  discovered.  The  adults  died  in  three 
or  four  days  after  emerging  from  the  pupae.  Adults  of  this 
species  were  by  far  the  most  common  Noctuid  at  electric  lights 
during  the  spring,  and  judging  from  their  abundance,  we  may 
expect  trouble  from  the  larvae  during  the  fall. 

LIFE  HISTORY  OF  CUT-WORMS. 

The  following  general  statements  regarding  the  history  of 
cut-worms,  is  applicable  to  most  of  our  common  species.  Eggs 
are  deposited  by  the  female  soon  after  their  emergence  from  the 
pupa  state,  quite  low  down  on  the  leaves  or  stems  of  various 
species  of  plants.  Upon  hatching,  the  young  larvae  descend  to 
the  soil,  and  feed  on  the  tender  portions  of  herbaceous  plants. 
They  grow  comparatively  slow  for  caterpillars ;  larvae  hatched  in 
the  spring  probably  become  full  grown  by  late  fall,  and  during 
the  latter  part  of  their  life,  their  ravages  are  much  more  severe. 

During  mild  winters  larvae  of  Agrostis  ypsilon  have  been 
taken  of  various  sizes  from  early  fall  until  late  spring,  and  it 
seems  probable  that  there  is  but  little  regularity  as  to  the  time  of 
appearance  of  the  adults.  Many  larvae  pass  the  winter  buried 
beneath  tfie  soil;  in  some  cases,  as  in  Agrotis  ypsilon,  the  winter 
may  be  passed  in  the  pupa  state. 

APPEARANCE  OF  A  CUT-WORM, 

The  greasy  cut-worm,  the  larva  of  Agrotis  ypsilon,  Hufn. 

from  its  abundance  in  Florida,  is  here  described.  A  full  grown 
larva  is  usually  about  an  inch  and  one-half  in  length,  body 
rather  stout  and  plump.  Its  general  color  is  a  brown,  or  a  dull 
gray,  varying  to  lighter.    The  head  is  darker  than  the  body,  and 
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darker  above  than  below,  tips  of  mandfbles  black.  Just  behind 
the  head,  on  the  first  segment  of  the  thorax  is  a.  shield,  dark 
brown  in  color  about  covering  the  dorsal  surface  of  this  segment 
There  is  much  variation  in  the  markings,  but  usually  tiiere 
are  two  pa!e  lines  extending  down  along  the  back.  Along  each 
side  are  eight  small  black  *spots,  the  spiracles  or  breathing  pores. 
A  few  slender  hairs  are  distributed  over  the  body,  arising  mainly 
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from  small,  black  or  brownish  colored  spots.  _  Figure  17  a,  repre- 
sents the  larva  of  Agrotis  saucia,  another  common  cut-worm  in 
Florida. 

APPEARANCE  OF  THE  MOTH. 

The  body  and  head  are  a  little  less  than  three-fourths  of  an 
inch  in  length.  From  the  head  to  the  tip  of  folded  wings  is  seven- 
eighths  of  an  inch.  Wings  expand  nearly  two  inches.  Above, 
the  insect  is  dark  brown  in  general  color;  on  the  thorax  below 
whitish;  on  the  abdomen  below,  gray,  darker  on  the  sides;  the 
abdomen  terminates  in  a  small  bunch  of  yellowish  hairs.  The 
front  wings  have  usually  certain  quite  distinct  and  constant 
markings,  -of  lighter  color.  The  hind  pair  are  white,  margined 
with  dusky.      Figure  17  d,  illustrating  the  adult  of  Agrotis  sau- 
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cia,  gives  an  idea  of  the  general  appearance  of  one  of  the  cut- 
worm moths. 

TREATMENT. 

Various  remedies  arc  recommended  against  cut-worms. 
Some  of  these  are  of  value ;  others  do  not  seem  to  give  much  re- 
lief. The  use?of  poisoned  bait,  has  probably  proven  to  be  the  most 
satisfactory  remedy  thus  far  advocated.  Dr.  Riley  was  first,  I 
believe,  to  recommend  the  use  of  poisoned  cabbage  leaves 
against  cabbage  cut-worms.  The  leaves  were  poisoned  by  dip- 
ping them  in  water  with  which  Paris  green  had  been  mixed. 
These  were  placed  around  promiscuously  in  the  field  a  week  or 
ten  days  before  the  field  was  to  be  planted,  and  even  after  plants 
were  planted. 

Of  late  years,  poisoned  bran  has  come  into  more  general 
use,  probably  from  the  fact  that  it  is  much  more  accessible,  and 
convenient  to  apply. 

Mr.  F.  A.  Sirrine*  of  the  Geneva  Station,  has  recently  re- 
ported some  interesting  experiments  with  insecticides  against  the 
onion  cut-worm.  As  a  result  of  these  experiments,  he  has  found 
that  dry  bran  poisoned  with  Paris  green  gives  the  best  results 
against  this  insect.  The  dry  bran  bait  is  preferable  to  the  wet 
bait  in  that  it  i«  much  easier  to  apply,  and  does  not  harden  or 
mould  so  quickly  and  hence  become  worthless  as  bait.  FurtheF- 
more,  the  dry  bait  may  be  applied  much  more  uniformly.  With 
this  it  is  possible  to  drill  it  with  a  seed  drill  along  each  side  of  a 
row.  In  some  cases  the  insects  seemed  to  prefei  this  Sait  to  their 
usual  food.  A^  a  rule,  cut-worms  are  quite  general  feeders,  with 
feeding  habits  essei. daily  the  same;  and  we  might  expect  to  be 
able  to  treat  the  strawberry,  and  other  cut- worms  in  Florida 
quite  successfully  with  this  bait  of  dry  bran  poisoned  with  Paris 
green.  The  bait  is  made  by  thoroughly  mixing  one  part  by 
weight  oi  Paris  green  to  fifty  parts  of  bran.  This  bait  should  be 
drilled  or  sprinkled  along  the  rows  quite  early  in  the  spring,  even 
before  the  presence  of  cut-worms  is  noticed  to  any  extent  It 
would  be  an  advantage  to  have  destroyed  the  cut-worms  before 
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ripening  of  fruit  begins,  although  there  is  but  little  danger  of 
poisoning,  if  the  bait  has  been  carefully  applied. 

Cut-worms  frequently  migrate  from  the  herbage  and  grass 
surrounding  fields,  to  the  plants  within,  arid  in  a  short  while  may 
bring  about  their  destruction.  In  such  cases,  the  use  of  dry  bait 
scattered  around  the  field  would  probably  be  of  considerable 
value. 

THE  COMMON  WHITE  GRUBS. 
(Lachnostema  spp.)     Order   Coleoptera.     Family   Scarabidae. 

There  are  a  number  of  different  species  of  insects  which  in 
the  larval  state  attack  the  roots  of  the  strawberry  plant.  Proba- 
bly larvae  of  the  above  genus  are  responsible  for  a  considerable 
part  of  this  damage  in  this  State.  These  larvae  are  familiarly 
known  as  "grubs"  and  are  yery  frequently  plowed  up  during  the 
cultivation  of  various  crops,  particularly  on  new  land.  These 
larvae  pass  their  entire  life  under  ground,  feeding  on  the  roots  of 
plants. 

The  fibrous  roots  of  grasses  probably  furnish  a  considerable 
part  of  their  food,  but  they  are  known  to  attack  the  roots  of  many 
other  plants.  Corn  frequently  suffers  severely.  The  roots  are 
frequently  eaten  off  within  a  few  inches  of  the  stalk.  Whole 
fields  of  com  have  been  destroyed  in  this  way,  particularly  on 
new  land.  Potatoes  are  at  times  attacked,  and  holes  eaten  in 
them.  The  grass  on  lawns  and  pasture  lands  are  frequently 
severely  attacked  at  the  roots  by  these  insects,  large  areas  turn- 
ing brown  and  drying  up. 

Injury  to  the  strawberry  and  other  similar  plants  consists  ia 
the  destruction  of  the  fibrous  and  main  roots,  and  if  the  larvae 
are  somewhat  numerous  the  death  of  the  plant  will  eventually 
result. 

APPEARANCE  OF  THE  GRUB. 

Figure  i8,  2,  represents  a  larva  of  one  of  the  most  common 
of  these  insects  (Lachnostema  fueca)  in  its  earthern  cell  feeding 
upon  the  roots  of  some  plant. 
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It  is  a  large,  white,  soft  grub,  sparsely  haired,  with  a  light 
mahogony  colored  head.  There  are  three  well  developed  pairs  of 
nearly  the  whole  length  of  the  body.  This  is  the  alimentary 
than  anteriorly.  When  unearthed,  the  insect  usually  assumes  a 
curled  up  shape,  the  head  and  caudal  end  nearly  touching. 

There  is  another  grub  somewhat  similar  in  appearance^ 
which  is  sometimes  quite  abundant  in  manure,  or  compost  heaps. 
This  grub  feeds  exclusively  on  decaying  vegetable  matter  and 
manure,  and  should  not  be  confounded  with  the  injurious  grnhs 
which  feed  on  live  vegetation.  In  the  manure  feeding  larva  a 
dark  line  may  usually  be  seen  extending  down  the  dorsum,  for 
nearly  the  whole  length  of  the  body.  This  is  the  alimentory 
canal,  filled  with  black  vegetable  matter,  their  food.  In  root  eat- 
ing grubs  this  black  line  is  usually  not  to  be  observed,  except 
near  the  caudal  end,  since  their  food,  being  light  colored  rootlets,, 
is  not  so  apparent  through  the  whitish  body. 


THE  ADULT. 

• 

Beetles  of  the  genus  Lachnosterna  may  be  recognized  trom 
3  and  4,  figure  18,  which  represents  adults  of  fusca.  This  species 
is  of  a  brownish  color,  lighter  below  and  deeper  above.  Head 
almost  black.  The  body  is  oblong-oval,  somewhat  convex,  meas- 
uring about  three-fourths  of  an  inch  in  length,  though  the  size 
varies  considerably.  On  the  ventral  surface  of  the  thorax  is  a 
patch  of  light  yellowish,  silky  hairs.  There  is  also  a  fringe  of 
hairs  of  the  same  color  on  the  dorsum,  apparently  bom  by  the 
posterior  margin  of  the  prothorax. 

The  adults  are  usually  known  as  May  beetles,  June  bugs,  or 
cock-chafers.  They  fly  mostly  late  in  the  evening,  and  at 
night.  In  the  evenings  they  are  sometimes  seen  in  myriads  flying 
around  oak  and  other  trees.  In  this  stage  they  are  not  destruc- 
tive to  the  strawberry^  but  feed  mostly  on  the  foliage  of  forest  or 
orchard  trees.  Their  injuries  in  this  stage  are  sometimes  quite 
severe.  Being  readily  attracted  by  lights  they  not  unfrequently 
find  their  way  into  lighted  rooms,  and  fly  around  here  and  there 
thumping  against  the  wall. 


LIFE  HISTORY. 

The  life  histories  of  insects  of  this  genus  are  not  well  known. 
In  the  case  of  fusca,  the  larval  stage  has  been  said  to  last  about 
three  years,  but  more  recent  observations  indicate  that  it  is  prob- 
ably not  so  long.  This  time  is  passed  in  the  earth  feeding  upon 
the  roots  of  plants.  When  ready  for  pupation  an  ovoid  chamber 
is  constructed,  lined  with  a  gelatinous  substance,  and  the  larva 
changes  to  a  pupa.    (Figure  i8,  i.) 


Pig.  18-t«*MrtirMyV»f".  1.  pupa:  S.  lurva;  3  andl,  adult.    (Alter  BUer.) 

The  adult  soon  developes  from  the  pupa;  at  first  it  is  white, 
and  soft,  but  gradually  becomes  harder  until  thenormal  condi- 
tion is  reached,  when  the  beetle  escapes  from  the  earth.  In  ovi- 
positing, the  females  are  said  to  creep  into  the  earth,  especially 
where  it  is  soft,  and  deposit  forty  or  fifty  white,  translucent  eggs. 
Soon  after  oviposition,  death  occurs.  The  egg  state  lasts  about 
one  month. 

SUGGESTIONS  FOR  TREATMENT. 
The  strawberry  grower  will  be  interested  mainly  in  the  de- 
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struction  of  the  larvae,  since  the  adults  do  not  injure  his  plants, 
but  a  wholesale  destruction  of  adults  would  result  of  course,  in 
materially  lessening  the  number  of  larvae  in  the  future. 

In  fields  where  the  presence  of  the  grubs  is  manfest  from  a 
withering  of  the  plants,  much  can  be  done  by  digging  them  out 
from  the  affected  plants  and  destroying  them.  This  precedure 
would  hardly  be  profitable  perhaps,  except  in  the  case  of  valua- 
ble crops. 

Flowers  of  sulphur  has  been  used  with  considerable  success 
as  a  repellant.  It  should  be  thoroughly  mixed  in  the  soil  around 
the  infested  plants.  The  use  of  gas  lime  has  also  been  found  of 
value.  It  should  be  applied  thickly  to  the  surface  of  the  soil  four  or 
five  weeks  before  the  field  is  to  be  planted  to  strawberry  or  other 
plants.    It  should  be  thoroughly  worked  in  the  soil  by  plowing. 

This  dressing  is  said  to  be  of  much  value  in  destroying  the 

grubs  in  new  land,  and  in  land  that  has  been  devoted  to  pastures 
for  some  time.  The  lime  should  not  be  used  fresh,  as  thrown  out 
from  the  gas  factories  as  at  this  time  it  is  fatal  to  vegetation.  On 
exposure  to  the  air,  however,  it  looses  its  injurious  qualities,  and 
becomes  a  fertilizer  of  some  value,  as  well  as  a  remedy  for  the 
grubs. 

Fall  plowing  and  harrowing  in  fields  that  are  to  be  planted 
to  strawberries,  will  be  of  value.  Barnyard  fowls  should  be  en- 
couraged to  follow  the  plow,  so  that  they  may  destroy  the  un- 
earthed grubs. 


THE  STRAWBERRY  FLEA  BEETLE. 

(Haltica  ignita,  Illiger.)    Order  Coleoptera.    Family  Chrysome- 

lidae. 

The  strawberry  flea  beetle  has  been  reported  at  times  as 
qu»te  destructive  to  the  leaves  of  the  strawberry  plant  in  Florida. 
In  bulletin  No.  9  of  this  station.  Dr.  J.  C.  Neal,  states  that  this  in- 
sect has  been  a  source  of  much  trouble  to  strawberr}'  growers, 
and  has  been  frequently  sent  in  from  various  parts  of  the  State. 

The  insect  seems  to  have  been  very  bad  Ht  Orlando,  during 
the  spring  of  1890,  judging  from  a  letter  written  to  the  Entomo- 
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logical  Department  at  Washington,  by  Mr.  W.  E.  Hudson,  and 
published  in  "Insect  Life."  Vol.  II,  Nos.  ii  and  12,  pg.  367.  In 
this  letter  he  states  that  the  beetles  appeared  on  his  strawberry 
plants  by  thousands,  and  that  all  the  berry  fields  in  the  neighbor- 
hood were  infeste'd.  They  were  also  observed  on  different  spec- 
ies of  weeds,  and  on  peach  trees. 

This  insect,  like  its  near  relatives,  the  grape-vine  flea  beetle, 
and  the  cucumber  flea  beetle,  feeds  on  the  leaves  of  plants,  eating 
holes  in  them,  and  when  numerous  would  probably  quite  defo- 
liate the  plants.  They  are  small  beetles,  about  a  fifth  of  an  inch 
in  length,  of  a  bronzy  yellowish  color.  The  femora  of  the  third 
pair,  of  legs  are  greatly  thickened,  enabling  them  to  jump  with 
agility,  somewhat  like  fleas. 

The  life  history  of  the  insect  has  not,  I  believe,  been  made  a 
subject  of  thorough  study.  It  has  not  been  observed  by  the 
writer  at  Lake  City,  and  hence  it  has  not  been  practicable  to  un- 
dertake the  study  o.f  its  life  history. 

In  the  case  of  one  of  its  near  relatives  the  grape-vine  flea 
beetle,  the  eggs  are  placed  in  .clusters  on  the  under  surface  of  the 
leaves.  The  larvae  hatching  from  these,  feed  on  the  young  leaves 
for  about  a  month,  and  then  enter  the  ground  and  change  into 
pupae,  emerging  in  about  a  month  as  adults.  The  second  brood 
also  attacks  the  leaves  of  the  grape-vine,  but  they  are  not  nearly 
so  destructive  as  the  previous  brood.  The  winter  is  probably 
passed  in  hybernation. 

Possibly  the  life  history  of  the  strawberry  flea  beetle  is  some- 
what similar  to  that  of  the  grape-vine  flea  beetle.  There  seems 
to  be  no  record,  however,  of  observations  of  the  larvae  feeding  on 
the  leaves  of  strawberry  plants,  and  it  is  possible  that  they  live 
beneath  the  ground  feeding  upon  the  roots  of  plants,  upon  the 
leaves  of  which  the  adults  feed,  as  is  the  case  with  the  cabbage 
flea  beetle. 

Until  the  life  history  of  the  insect  is  known  in  detail,  it  will 
not  be  possible  to  more  than  indicate  treatment  against  the  adult. 
The  use  of  an  arsenical  -spray  would  probably  be  quite  sufficient 
to  destroy  these  insects,  but  there  are  objections  to  the  use  of  ar- 
senites  on  strawberry  plants  during  the  fruiting  season,  from  a 
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possible  danger  of  poisoning  the  fruit.    This  insecticide  could  be 
used  safely  before  and  after  the  fruiting  season. 

Probably  the  following  formula  would  be  quite  efficient: 

Paris  green _  .   ...     i  pound 

Powdered,  or  quick  lime i  pound 

Water )2$    gallon 

The  lime  should  be  made  into  a  thin  paint  with  water,  and 
strained  into  the  mixture  of  water  and  Paris  green.  Unless  the 
lime  is  used,  where  the  proportion  of  Paris  green  is  so  large, 
scalding  of  the  plants  may  result. 

For  the  treatment  of  this  insect  during  the  fruiting  season  of 
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the  plants,  it  has  been  recommended  to  dust  air-slacked  lime,  or 
tobacco  dust  freely  over  the  plants.  These  substances  act  as  re- 
pellants,  and  are  said  to  have  considerable  value  against  this  and 
other  flea-beetles. 


GRASSHOPPERS. 

Several  species  of  grasshoppers  eat  the  leaves  of  the  straw- 
berry plant.  When  abundant  they  are  capable  of  doing  consid- 
erable damage. 

Figure  19  represents  our  common  large  American  locust, 
Schistocerca  americana.  This  species  is  occasionally  of  consid- 
erable trouble  in  strawberrj-  fields. 


Figure  20  illustrates  another 
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grasshopper,  (Calop- 
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tenus  femur-rubrum)  in  Florida,  and  sometimes  a  serious  pest  to 
strawberry  growers. 

All  of  these  different  species  can  probably  be  treated  suc- 
cessfully in  the  same  way.  The  use  of  poisoned  bait  is  probably 
the  most  satisfactory  way  of  treating  them.     To  a  quantity  of 
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bran  add  enough  Paris  green  to  give  it  a  greenish  tinge,  and  add 
nJolasses  to  sweeten  it.  This  bait  should  be  placed  here  and  there 
m  the  Geld  in  small  heaps.    Care  should  be  exercised  in  its  use 
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that  it  is  not  gotten  on  the  plants,  from  the  possibility  of  poison- 
ing the  berries. 

FIELD  CRICKET. 
(Gryllus  assimilis.)     Order  Orthoptera.     Family  Gryllidae. 

Figure  21  illustrates  a  common  insect  in  the  strawberry  field, 
and  one  which  has  been  accused  of  doing  considerable  damage 
to  the  ripened  fruit.  Notwithstanding  their  frequent  abundance, 
probably  but  few  growers  have  ever  actually  seen  them  feeding 
on  strawberries. 

From  the  shyness  and  alertness  of  these  insects,  they  can 
rarely  be  approached  unawares,  and  studied  in  their  normal  mode 
of  living.  Examinations  of  many  different  plants  from  which 
crickets  have  been  frightened,  lead  me  to  believe  that  the  cricket 
must  undoubtedly  be  classed  as  an  enemy  to  the  strawberry 
grower.  In  the  majority  of  cases  where  crickets  were  frightened 
from  plants,  much  of  the  ripe  fruit  had  been  eaten  into  in  such  a 
way  that  decay  would  soon  result.  A  hole,  an  eighth  of  an  inch 
deep  or  more  is  sometimes  eaten  into  the  fruit,  but  more  usually 
several  smaller  pits  are  eaten  out.  If  an  individual  cricket  were  to 
confine  its  attention  to  one  berry,  the  damage  would  not  be  so 
great,  but  it  does  not  seem  to  do  this,  but  attacks  several  different 
berries.  In  this  way  a  single  insect  is  able  to  occasion  the  destruc- 
tion of  a  considerable  number  of  ripe  fruit  in  a  short  while.  The 
heavy  leaves  of  the  plant,  and  the  mulching,  afford  them  excel- 
lent protection,  and  unless  disturbed  they  rarely  leave  these 
places  during  the  day. 

Probably  two  or  three  different  species  of  crickets  are  de- 
structive to  strawberries  in  this  State,  but  the  one  illustrated, 
seems  to  be  the  most  common  and  injurious.  The  young,  as  well 
as  adults,  are  capable  of  injuring  the  fruit. 


TREATMENT. 

Probably  a  bait  of  poisoned  bran,  sweetened  with  syrup, 
would  be  of  value  in  destroying  these  insects.  The  bait  should 
be  placed  in  small  quantities  along  the  infested  rows.    Much 
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coulfl  ht  done  by  frightening  the  insects  from  the  plants  and  de- 
stroying them  with  a  suitable  stick,  or  brush. 

THE  STRAWBERRY  WEEVIL. 

This  is  a  small  snout-beetle  measuring  about  one-tenth  of 
an  inch  in  length.  The  beetle  varies  in  cofor  from  a  dull  red  to 
neariy  black.  On  each  wing  cover  is  a  dark  spot,  surrounded 
with  fine  whitish  hairs.  The  injuries  of  the  insect  consists  in  cut- 
ting the  pedicel  of  the  young  buds  in  such  a  way  that  they  will 
fall  over,  much  as  if  broken,  or  in  some  cases  cutting  off  the 
pedicel  entirely. 

This  injury  is  occasioned  by  the  insect,  in  order  that  further 
development  of  the  bud  may  be  arrested,  thus  protecting  the 
eggs  which  the  female  deposits  within*the  unopened  bloom.  The 
young  grubs  feed  upon  the  pollen  within  the  bud,  and  when  this 
is  exhausted,  attack  other  parts.  The  grub  matures  within  three 
or  four  weeks,  and  the  pupa  state  is  entered,  within  the  bud.  This 
state  lasts  from  five  to  eight  days.  Only  pollen  bearing  flowers 
are    attacked,    as    the    larvae    are    essentially    pollen    feeders. 

In  many  parts  of  the  United  States,  this  insect  occasions 
considerable  damage.  I  do  not  know  that  it  has  been  reported 
from  Florida,  but  it  is  here  mentioned  in  order  that  growers  may 
be  on  the  lookout  for  it. 

THE  STRAWBERRY  CROWN-BORER. 
(Tyloderma  fragmriae,  Riley.) 

This  is  another  snout-beetle  that  in  some  parts  of  the  United 
States  is  a  source  of  anoyance  to  strawberry  growers.  The  wri- 
ter has  not  yet  met  with  this  insect  in  Florida. 

The  eggs  are  deposited  on  the  plants  by  the  adult  females. 
The  grubs  hatching  from  these,  mine  into  the  crowns  of  plants. 
Whtn  full  grown  they  are  about  one-fifth  of  an  inch  in  length, 
white,  with  pale  yellow  heads.  They  change  to  the  pupa  state  in 
the  burrows  made  in  the  crowns,  and  after  changing  to  the  adult, 
usually  remain  in  the  crown  for  3ome  time.    The  beetles  are 
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brown  in  color;  on  each  wing  cover  are  several  poorly  defined 
black  spots. 

But  one  brood  is  raised  each  year.  The  insects  are  more 
common  in  old,  than  new  strawberry  patches. 

THE  STRAWBERRY'LEAF-ROLLER. 
(Phoxopteris  comptana,  Frohl.) 

The  strawberry  leaf-roller  has  not  as  yet  been  reported  to 
the  Experiment  Station  from  Florida.  If  it  occurs  within  the 
State,  it  is  probably  not  yet  very  severe.  It  occurs  throughout 
the  northern  United  States,  where  it  is  regarded  as  a  very  de- 
structive insect.  Observations  on  the  distribution  of  this  insectfor 
several  years  past  indicate  that  it  is  making  its  way  southward.  I 
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have  not  been  able  to  determine  its  southern  limit  at  the  present 
date.    In  1890  it  was  an  abundant  insect  in  Kentucky. 

Larvae  of  this  insect  are  leaf-rollers,  or  folders  as  the  com- 
mon name  indicates.  Upon  hatching  from  the  egg,  a  larva  be- 
gins folding  the  leaves  together,  and  fastening  them  with  silk. 
The  caterpiller  spends  its  life  in  this  retreat,  eating  the  leaves. 
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eventually  causing  them  to  turn  brown  and  die.    The  pupa  state 
is  passed  within  the  folded  leaves. 

The  moth  is  small,  measuring  about  one-halt  of  an  inch 
across  the  wings,  is  of  a  brown  color,  and  obscurely  marked. 
Two  broods  are  recorded  for  this  insect  annually,  in  the  North. 
According  to  Prof.  Garman,  at  least  three  broods  are  raised  each 
year  in  Kentucky. 

SPRAYING  MACHINERY. 

The  use  of  some  form  of  spraying  machinery  is  absolutely 
necessary  for  the  proper  application  of  insecticides  or  fungicides. 

A  convenient  and  serviceable  sprayer  is  to  be  found  in  the 
Knapsack  spray  pump  illustrated  in  figure  22.    This  sprayer  may 


be  swung  on  the  back,  and  the  application  of  the  insecticide  or 
fungicide  accomplished  by  one  person.  The  kerosene  attach- 
ment, illustrated  in  the  figure,  is  designed  for  the  mixing  of  kero- 
sene and  water  while  in  the  act  of  .spraying.  This  attachment 
may  be  removed  when  it  is  not  desired  to  use  it  for  this  purpose. 

This  pump  is  manufactured  by  the  The  Deming  Co.,  Saiem, 
Ohio. 

Figure  23  illustrates  the  "Gem"  Brass  Spray  Pump,  attached 


6oo 

to  a  barrel  cart.  This  pump  may  be  attached  to  any  barrel  by  a 
clamp,  as  shown  in  the  figure.  It  is  also  manufactured  by  the 
Deming  Co.,  Salem,  Ohio.  By  the  use  of  this  pump,  with  a  kero- 
sene barrel,  placed  on  a  wagon,  a  very  serviceable  and  cheap 
spraying  machine  is  secured. 
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1.  A  chenical  analysis  can  indicate  witli  accuracy  tlie  total 
aMonnts  of  the  dffTerent  soil  constituents  occurring  in  a  soil,  but  cannot 
state  exactly  what  proportion  of  any  constituent  is  in  an  available 
oondKioB. 

2.  The  soils  of  the  central  and  southern  portions  of  the  Florida 
Penimnia  are  popularly  Included  in  fbur  divisions :  Pine  Land,  Hammock, 
Sand,  and  Muck  Soils. 

3.  The  Pine,  Hammock,  and  Sand  lands  are  essentially  of  a  sandy 
character,  the  average  of  thirty-six  analyses  from  various  and  widely 
separated  localities  in  the  peninsula  showing  them  to  be  composed  of 
slightly  more  than  ninety-six  per  cent,  of  insoluble  residue  (sand  and 
insolBbie  silicates). 

4.  Chemical  analyses  show  them  to  be  most  deficient  In  potash  and 
least  in  phosphoric  acid.  The  average  amounts  of  the  three  so-called 
essential  elements  are  as  follows :  Nitrogen,  .0409  per  cent. ;  potash, 
.0094  per  cent.,  and  phosphoric  acid,  .0687  per  cent.  In  addition,  it  is 
shown  that,  in  numerous  instances,  these  soils  are  deficient  In  humus  as 
well  as  in  lime. 

5.  When  soils  are  In  a  fertile  state,  the  most  effective  method  for 
maintaining  their  fertility  Involves  Intelligent  fertilization,  a  judicious 
system  of  crop  rotation,  and  proper  cultivation. 

6.  The  most  reliable  method  for  ascertaining  the  deficiency  of  any 
•lement  In  a  soil  Is  by  conducthg  upon  It  practical  fertilizer  tests 
according  to  the  directions  described  herein.  Where  practicable,  and 
when  it  can  be  Intelligently  accomplished,  farmers  shoulj  purchase  only 
the  raw  fBrtilizIng  material  and  do  their  own  mixing.  By  exercising 
reasonable  economy  and  prudent  methods,  several  dollars  can  be  saved 
hi  this  way  on  each  ton  of  flsrtiiizer  mixed.  Explicit  directions  for 
mixing  ftrtillzers  are  given  in  this  bulletin. 


7.  Where  soils  are  deficient  in  humus  and  nitrogen,  these  materials 
can  usually  be  most  economically  provided  by  growing  upon  such  soils 
certain  leguminous  crops,  (i.  e.,  cow-peas,  Florida  clover,  or  beggar 
weed,  and  the  velvet  bean),  which  have  the  power  of  appropriating 
atmospheric  nitrogen. 

8.  The  mucic  soils  of  the  peninsula  are  uniformly  of  a  fertile 
character.  The  purest  mucli  beds,  occupying  vast  areas  in  the  central  and 
southern  peninsula,  extending  from  Osceola  County  southward  into  the 
Everglades,  are  unusually  rich  In  nitrogen,  but,  in  most  cases,  are  deficient 
in  potash,  phosphoric  add  and  lime.  Vast  tracts  of  this  land  in  Osceola 
and  Dade  counties  have  already  been  drained  by  cutting  canals  through 
the  muck  beds  and  are  now  in  a  high  state  of  productiveness.  Other 
rich  mucic  areas  lie  along  either  bank  of  the  Kissimmee  River,  which 
connects  Lake  Okeechobee  with  Lake  Kissimmee.  In  order  to  drain 
these  lands  artificial  drainage  will  have  to  be  resorted  to,  since,  even  at 
low  water,  the  river  is  almost  on  a  level  with  the  contiguous  muck  areas, 
in  this  case  the  water  can  be  most  efTectiveiy  drained  by  constructing 
levees  and  employing  pumps.  Still  other  vast  muck  deposits  occur  south 
of  Lake  Okeechobee  and  extend  into  the  Everglades.  In  addition  to  the 
above,  muck  deposits  of  varying  areas  occur  all  over  Florida. 

9.  As  a  rule,  the  purest  muck  deposits  contain  the  smallest  stores 
of  mineral  plant  food,  but  are  richest  in  nitrogen,  liany  samples  are 
reported  in  this  bulletin,  however,  which  are  very  pure  mucks  and  which. 
In  addition  to  nitrogen,  contain  noticeably  large  supplies  of  both  phos- 
phoric acid  and  lime.    Only  In  potash  do  they  appear  to  be  very  deficient. 

10.  The  average  amounts  of  the  several  so-called  essential  plant 
fbods  occurring  in  all  muck  analyses  reported  herein  are  as  follows : 
Nitrogen,  I.94II  per  cent.;  potash,  .0443  per  cent.;  phosphoric  acid, 
.0897  per  cent. 

11.  in  some  instances,  the  muck  soils  contain  excessive  amounts  of 
chiorin  in  the  form  of  common  salt.  In  all  such  instances  this  chlorin 
is  highly  injurious  to  growing  vegetation  and  should,  therefore,  be 
removed.  Usually  its  removal  can  best  be  accomplished  by  thorough 
drainage  according  to  some  of  the  methods  herein  given. 

12.  Even  after  this  defect;  has  been  remedied,  it  will  frequently 
occur  that  muck  soils  will  not  be  at  once  productive  on  account  of  not 
being  in  proper  tilth.  Effective  methods  for  overcoming  this  difficulty 
are  thorough  plowing  and  subsoiling,  followed  by  a  growth  of  some  forage 
crop  with  deeply  penetrating  roots,    it  will  also  be  found  necessary  in 


naay  instances  to  administer  applications  of  lime  to  correct  acidity  and 
improve  tiie  meclianioai  condition  of  tiie  material.  Witli  tiiese  precau- 
tions oliserved,  mucic  €oiis  sliouid  soon  be  broogiit  into  a  condition  for 
profitable  cultivation. 

13.  MUCH  IS  CONTAINED  IN  THIS  BULLETIN  THAT  PROPERLY 
WOULD  NOT  COME  WITHIN  THE  PURVIEW  OF  A  TECHNICAL  PUB- 
LICATION.  iT  WAS  DEEMED  DESIRABLE  TO  INCLUDE  SUCH  INFOR- 
MATION IN  ORDER  TO  MAKE  THECBULLETIN  AS  USEFUL  AS  POS- 
SIBLE TO  THE  AGRICULTURAL  CLASSES  AND  TO  PROSPECTIVE 
SETTLERS. 
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INTRODUCTION. 


Probably  no  other  question  has  afforded  a  subject 
for  80  much  discussion  among  farmers,  and  in  the  public 
press  of  Florida,  as  that  of  the  composition  of  the  soils  of 
the  State  and  their  capacity  for  producing  successful 
yields.  The  frequent  inquiries  that  have  come  to  this 
department  from  time  to  time  since  the  establishment  of 
the  Experiment  Station,  have  long  ago  made  it  apparent 
that  both  a  chemical  and  a  physical  study  of  ihe  soils  of 
this  State  would  be  highly  desirable  to  those  engaged  in 
agricultural  pursuits.  The  Station  authorities  have 
always  realized  the  necessity  of  undertaking  these  especial 
lines  of  work,  and,  so  long  ago  as  1888,  my  predecessor 
here,  Dr.  Pickell,  planned  to  carry  out  a  line  of  chemical 
investigations,  but,  owing  to  the  limited  chemical  force  at 
his  disposal  for  carrying  on  the  necessary  work,  he  was 
forced  to'  abandon  such  investigation  for  the  time,  in 
order  to  take  up  other  lines  of  analytical  work  which 
seemed  more  urgent.  Since  assuming  charge  of  this 
department  in  September,  1892,  although  the  necessity 
for  such  a  soil  study  has  been  constantly  apparent,  the 
writer,  too,  has  found  it  impossible  to  publish  anything 
along  this  special  line  until  the  present  time.  In  the 
near  future  it  is  earnestly  hoped  that  it  will  be  found 
practicable  to  undertake  a  physical  study  of  the  soils  of  the 
State,  along  with  the  chemical,  for  such  a  study  is  now 
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recognized  to  be,  at  least,  of  equal  importance  with  the 
latter,  in  arriving  at  a  correct  understanding  of  the  needs 
and  requirements  of  soils.  It  is  to  be  noted  that  data, 
concerning  the  chemical  composition  of  the  different 
types  of  Florida  soil,  up  to  this  time,  has  been  very 
meagre.  Just  prior  to,  and  during  the  World's  Fair,  Pro- 
fessor Norman  Robinson,  at  that  time  the  State  Chemist 
of  Florida,  made  a  few  analyses  of  some  typical  Florida 
soils  to  be  used  in  connection  with  the  Florida  exhibit 
on  that  occasion.  The  Department  of  Agriculture  at 
Washington  has  also  given  some  attention,  both  chemi- 
cal and  physical,  to  certain  types  of  Florida  soils,  par- 
ticularly muck,  and  the  results  of  these  investigations 
have  already  been  of  much  importance  to  practical  agri- 
culture. But,  aside  from  these  instances,  nothing  of  con- 
sequence, so  far  as  the  writer  is  aware,  has  ever  been  done 
along  this  special  line.  The  demand  for  such  informa- 
tion as  the  chemical  analysis  of  a  soil  will  afford,  has 
been  so  urgent  during  the  past  year  as  to  render  it 
imperative  that  such  work  be  carried  out  in  this  labora- 
tory, and  the  present  bulletin,  including  practically  a 
complete  preliminary  study  of  the  typical  soils  of  the 
counties  of  the  Southern  and  Central  Florida  peninsula 
is  indicative  of  the  progress  that  has  thus  far  been  made. 
It  is  to  be  regretted  that  it  has  not  been  practicable 
to  include  the  soils  of  the  entire  State  in  this  bulletin, 
but,  owing  to  the  lack  of  available  force  for  carrying  on 
the  necessary  work,  it  has  been  impossible  to  accomplish 
more  at  the  present  time  than  is  published  herein.  It  is 
our  purpose  to  continue  this  work  without  intermission, 
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until  our  researches  include  all  of  the  different  types  of 
soil  to  be  found  in  the  State.  It  is  hoped  that  a  subse- 
quent bulletin,  including  the  remainder  of  the  counties, 
will  be  issued  from  this  laboratory  about  a  year  hence. 

It  is  but  proper  acknowledgment  to  state  that  all 
the  analyses  reported  herein,  except  when  otherwise  men- 
tioned, were  ably  performed  by  Mr.  J.  P.  Davies,  the 
assistant  chemist  of  the  Station,  and  the  methods  pur- 
sued by  him  in  carrying  out  all  analytical  work,  were 
essentially  those  adopted  by  the  Association  of  Official 
Agricultural  Chemists  at  their  session  in  1895. 
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How  the  Soils  Were  Collected  for  AnalysUi. 

Before  considering  individaally  the  analyses  reported 
herein,  it  would  seem  desirable  that  mention  be  made  of 
the  plan  that  was  pursued  in  collecting  the  soil  samples 
which  are  included  in  this  bulletin.  In  order  to  make 
the  work  as  uniform  and  accurate  as  possible,  the  follow- 
ing course  was  pursued  in  collecting  all  samples  for 
analysis:  Several  collectors  were  appointed  in  each 
county  (where  practicable)  and  accurate  instructions  were 
issued  to  each  collector,  fiiUy  setting  forth  the  plan  to  be 
followed  in  collecting  samplt^  and  requesting  such  infor- 
mation as  to  the  normal  vegetation,  i.  e.,  trees,  herbs,  grass, 
etc.,  growing  upon  each  soil,  as  might  be  of  assistance  in 
studying  soil-characteristics  and  interpreting  analyses. 
In  addition,  all  possible  information  that  would  serve  to 
throw  light  upon  the  physical  characteristics  of  each  soil 
was  invariably  solicited.  The  method  for  taking  the 
sample  from  the  field  was  that  recommended  by  the  As- 
sociation of  Official  Agricultural  Chemists. 

It  was  our  belief  that,  in  thus  studying  the  typical 
soils  of  each  county  separately,  no  opportunity  would  be 
afforded  for  the  omission  of  any  prominent  soil,  and  our 
investigation,  therefore,  would  be  sure  to  include  every 
soil  that  could  possibly  be  of  any  importance  to  agricul- 
ture. It  is  to  be  regretted  that  it  was  found  impossible 
to  procure  samples  from  every  county,  and  the  desired 
number  from  several  counties  included  in  this  bulletin, 
still  it  is  believed  that  the  analyses  that  are  published 
are  fairly  representative  of  the  typical  soils  of  the  Central 
and  Southern  peninsula.    As  soon  as  possible,  after  being 
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leoeiyed,  each  sample,  after  proper  preliminary  treat- 
menty  was  bottled,  labeled  and  carefully  placed  aside  for 
analysis  and,  in  due  time,  was  taken  in  its  r^^lar  turn 
to  be  analyzed  by  the  chemist 

The  DeYelopment  of  Seientlflc  Asrtciiltare. 

Agriculture,  though  one  of  the  oldest  of  pursuits,  as  a 
science,  it  is  of  comparatively  recent  origin.  This  results 
from  the  fact  that  it  is  dependent  on  so  many  other 
sciences  which  are  themselves  of  such  recent  origin. 
These  latter  sciences  had  first  to  be  developed  before 
agricultural  science  could  rest  upon  a  permanent  basis. 
The  sciences  of  chemistry,  of  biol>gy,  of  mechanics, 
of  geology,  of  meteorology  and  of  botany,  had  first  to 
be  worked  out.  For  chemistry  teaches  the  farmer  the 
composition  of  his  soil  and  of  the  plants  growing  upon 
it ;  of  the  atmosphere  surrounding  him  and  the  water  he 
drinks,  and  employs  otherwise  for  various  purposes  in 
bis  profession.  Biology  acquaints  him,  not  only  with  the 
selection  and  care  of  the  live-stock  at  his  command,  but 
also  with  the  insect  friends  and  enemies  that  he  will  be 
called  upon  either  to  foster  or  combat.  Mechanics  in- 
forms him  regarding  the  proper  construction  of  his  farm 
houses,  farm  implements,  etc.  Oeology  tells  him  of  the 
original  structure  of  the  rocks  out  of  which  his  soils  were 
made  and  this  knowledge  is  often  of  much  value  to  him 
in  his  practical  farming  operations.  Meteorology  instructs 
him  in  studying  the  seasons,  etc.,  and  the  benefits  to  be 
gained  from  a  proper  observance  of  the  same.  Botany 
acquaints  him  with  the  laws  that  govern  the  selection, 
propagation,  habits  and  care  of  the  several  forms  of 
vegetation  that  he  is  called  upon  to  grow. 

It  is  not  claimed  that  the  farmer  must  have  an  ac- 
curate knowledge  of  each  of  these  sciences  in  order  to 
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practioe  his  profession  to  the  best  advantage,  bnt  he  must 
be,  at  least,  somewhat  acquainted  with  each.  Every  suc- 
cessful farmer  is,  to  some  extent,  a  scientific  man  and 
every  farmer,  whether  he  is  conscious  of  it,  or  not,  if  he 
is  a  successful  one,  is  practicing,  in  some  measure,  the 
principles  underlying  the  sciences  which  have  been  cited. 
As  recently  as  1830,  it  was  an  unsolved  problem  as 
to  whether  mineral  matter  was  necessary  to  the  life  of  a 
growing  plant.  Since  that  time,  there  have  been  many 
theories  and  conflicting  ideas  concerning  the  relation 
between  the  plant  and  tiie  soil  in  which  it  grows  and  the 
theories  applicable  to  the  discussion  have  been  modified 
and  governed  by  the  times  in  which  they  were  promul- 
gated. Indeed,  it  is  true  that  only  about  thirty-five 
years  have  elapsed  since  agriculture  came  to  rest  on  a 
truly  scientific  basis,  for  it  was  about  that  time  that 
Idebig  first  discovered  the  true  philosophy  of  plant  nutri- 
tion. His  discovery  was  not  made  until  a  bitter  experi- 
ence had  told  him  that  theories,  however  plausible,  were 
often  disproven  by  practical  tests.  Before  this  great 
investigator  discovered  the  true  philosophy  of  plant 
nutrition,  he  examined  plants  from  every  portion  of  the 
world.  He  found  that  all  plants  contained  the  same  ash 
constituents,  although  they  occurred  in  varying  propor- 
tions in  difiiBrent  plants.  From  this  fact,  he  concluded 
that  all  plants  took  from  the  soil  certain  mineral  sub- 
stances and  that,  unless  these  substances  were  returned 
to  the  soil,  the  time  would  inevitably  come  when  the 
fertility  of  the  soil  from  which  they  were  removed  would 
be  seriously  impaired.  It  was  upon  this  theory  that  the 
manufacture  of  artificial  fertilizers  was  founded.  At  firsts 
the  employment  of  these  fertilizers  was  not  satisfactory 
because,  as  was  afterward  learned,  they  were  then  pre- 
pared in  the  most  insoluble  form  possible  and  necessarily^ 
therefore,  when  applied  to  soils,  they  .could  not  yield 
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beneficial  results.  It  was  not  until  later  investigators 
discovered  that  plant-food  must  be  in  a  soluble  form 
before  it  can  be  appropriated  by  growing  crops,  that 
methods  were  devised  for  effecting  this  change,  and  then 
the  manufacture  of  artificial  or  commercial  fertilizers  be- 
came a  pronounced  success.  After  it  was  known  that  the 
ashes  of  plants  and  soils  were  alike  in  their  composition, 
it  was  at  once  assumed  that  a  close  relation  existed  be- 
tween them  and  that  a  chemical  analysis  would  reveal 
that  relation.  It  was  naturally  inferred  that  where  a 
particular  soil  failed  to  produce  a  profitable  crop,  a 
chemical  analysis  of  its  ash  would  show  what  the  plant 
lacked.  But  when  the  operation  was  carried  out,  it  was 
soon  discovered  that  a  soil  analysis  frequently  would  fail 
to  show  a  deficiency  in  any  plant-food  essential  and  still 
a  crop  would  fail  to  grow  upon  it.  Hence,  for  a  chemist 
to  have  stated  that  a  given  soil  was  necessarily  produc- 
tive because  he  had  found  present  in  it  all  of  the  ele- 
ments that  plants  required  in  growth,  would  have  been 

a  great  mistake,  for  a  practical  test  would  often  have 
proven  his  statement  false.  This  is  probably  the  chief 
reason  why  so  many  are  today  skeptical  concerning  the 
ability  of  the  chemist  to  render  much  practical  assistance 
to  the  agriculturist  in  studying  the  needs  of  his  soil. 

The  Yalae  of  a  Chemical  Analysis. 

There  is  brobably  no  one  subject  in  connection 
with  their  profession,  that  is  so  little  understood  by 
farmers  generally,  as  that  of  the  real  value  to  be  attached 
to  a  chemical  analysis  of  a  soil.  Indeed,  I  may  say, 
that  there  is  scarcely  a  question  that  is  the  subject  of  so 
much  discussion  and  disagreement,  even  among  the  agri- 
eoltural  chemists  of  the  country,  as  that  of  the  real  im- 
portance to  be  attached  to  such  an  analysis. 
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One  line  of  authoritieBy  headed  by  Dr.  Hilgard,  the 
Director  of  the  California  Experiment  Station,  relies  most 
strongly  upon  such  an  analysisi  while  others,  of  perhaps 
equal  prominence,  at  least  in  other  lines,  do  not  place  so 
much  reliance  upon  it.  All  agree,  however,  that  some- 
thing is  to  be  gained  by  a  careful  chemical  study  of  a 
soil.  Even  those  who  do  not  agree  wholly  with  Hilgard, 
concede  that,  whilst  a  chemical  analysis  fails  to  indicate 
the  exact  degree  of  availability  of  soil  constituents,  it  will 
at  least  reveal  the  approximate  total  quantity  of  the 
several  constituents  present  therein,  and  in  thus  indicating 
either  the  sufficiency  or  deficiency  of  the  several  soil 
essentials,  it  proves  itself  very  helpful  to  the  agriculturist, 
even  though  it  does  fail  to  show  the  exact  degree  of 
availability  of  a  single  soil  constituent  It  must  be  con- 
ceded that,  if  it  does  this  only,  a  chemical  analysis  is  of 
sufficient  importance  to  warrant  its  being  undertaken, 
for,  if  it  can  tell  a  farmer  that  his  soil  contains  a  suffi- 
cient quantity  of  one  element,  and  is  probably  entirely 
lacking  in  another,  it  at  least  affords  him  a  rational  basis 
for  inaugurating  a  series  of  practical  Eoil-test  experiments 
with  fertilizers  that  will  enable  him  to  answer  the  ques- 
tion definitely  and  thus  save  himself  the  risk  of  purchas- 
ing and  applying  certain  fertilizers  on  a  particular  soil 
that  are  not  needed  by  it  and  that  would  prove  a  useless 
expenditure  if  applied. 

It  will  be  seen  that  the  weak  point  in  an  analysis  is 
that,  while  it  reveals  what  a  soil  actually  contains  and  in 
what  proportions  the  several  constituents  are  present,  it 
does  not  state  with  absolute  accuracy  just  hoT^  much  of 
that  plant-food  is  in  an  available  form,  i.  e.,  in  a  form 
suited  for  plant  assimilation.  This  is  an  important  mat- 
ter, for,  other  things  being  equal,  the  actual  productive- 
ness of  any  soil  will  depend,  not  so  much  upon  the  total 
amount  of  plant-food  it  contains,  as  upon  the  proportion 
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of  that  foed  which  is  in  an  available  form.  And,  until 
it  is  poflsible  for  an  analysis  to  reveal,  with  much  acca- 
lacy,  the  degree  of  availibility  of  any  plant-food  essen- 
tial, it  cannot  be  said  that  chemical  methods  are  entirely 
perfected  and  capable  of  famishing  information  in  all 
respects  satisfactory.  It  is  encouraging  to  note  that  many 
chemists  are,  at  the  present  time,  engaged  in  perfecting 
methods  with  this  object  in  view,  and  the  encouragement 
that  they  are  meeting  with  is  all  that  could  be  desired. 
There  is  strong  reason  for  hoping  that,  in  the  very  near 
future,  methods  will  be  devised  that  will  place  a  chemi- 
cal soil  analysis  beyond  the  point  where  its  practical 
utUity  can  be  questioned,  even  by  the  most  prejudiced. 
It  frequently  happens  that  when  soils  are  barren  their 
failure  to  produce  is  due  to  the  presence  of  certain 
poisonous  substances,  such  as  sulphate  or  sulphid  of  iron. 
When  such  is  the  case,  a  chemical  analysis  will  reveal  the 
£Bct  and  chemistry  will  provide  a  remedy. 

Sometimes  a  soil  contains  an  excessive  amount  of 
certain  soluble  salts,  such  as  sodium  chlorid  (common 
salt),  and  where  they  occur  in  excessive  amounts  it  is 
known  that  they  seriously  interfere  with  its  productive 
capacity.  A  chemical  analysis  will  readily  detect  this 
defect  and  it  can  be  quickly  remedied  by  drainage  and 
irrigation.  And  if  a  soil  is  deficient  in  any  important 
element  of  plant-food,  a  chemical  analysis,  as  has  been 
said,  will  reveal  the  fact,  and  chemistry  will  prescribe  the 
form  of  fertilizer  to  be  applied  in  supplying  the  defi- 
ciency. 

All  of  this  information  is  directly  in  line  with  that 
the  prospective  settler  and  intelligent  farmer  invariably 
desires,  and  it  helps  to  answer  such  queries  as  the  follow- 
ing that  are  constantly  coming  to  this  laboratory  : 

(1)  Is  this  soil  sample  capable  of  producing  a  good 
crop  without  fertilizer  ? 
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(2)  How  long  can  I  continue  to  cultivate  it  without 
fertilizing  it  ? 

(3)  In  what  element  does  it  appear  to  be  most  defi- 
cient and  what  kind  of  fertilizer  is  it  likely  to  require 
first? 

(4)  To  what  kind  of  crops  does  it  seem  best  adapted  ? 
While  a  chemical  analysis  cannot  definitely  answer 

everything  in  connection  with  the  above  queries,  still  it 
can  aid  very  much  in  solving  all  such  problems,  and, 
together  with  a  physical  analysis,  can  contribute  much 
valuable  information  along  all  such  lines. 

Origin  of  Soils. 

The  term  ''soil"  is  used  to  designate  that  mixture  of 
mineral  matter  and  decayed  vegetable  matter  that  is 
found  on  the  surface  of  the  earth,  and  in  which  plants 
grow,  and  from  which  they  derive  a  large  portion  of 
their  food.  Soils,  therefore,  consist  chiefly  of  mineral 
substances,  together  with  organic  remains,  and  they 
also  contain  certain  living  organisms  whose  activity 
may  either  favorably  influence,  or  else  retard,  vegetable 
growth.  In  addition  to  this,  soils  also  hold  varying 
quantities  of  gaseous  matter  and  water,  both  of  which 
are  highly  important  factors  in  influencing  the  proper 
performance  of  their  several  functions.  From  an  agricul- 
tural standpoint,  the  soil  proper  is  the  older,  and  more 
thoroughly  disintegrated,  exterior  layer  of  the  earth.  It 
is  that  portion  that  has  longest  been  exposed  to  weather- 
ing and  the  influences  of  organic  life.  It  is  usually  from 
six  to  twelve  inches  deep,  but  occasionally  extends  to  a 
depth  of  several  feet. 

The  sub-soil  is  found  immediately  underneath  the 
soil.  As  a  rule,  it  is  not  so  thoroughly  disintegrated  as 
the  soil,  due  to  the  fact  that  it  is  protected,  in  a  measure, 
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from  the  several  difflntegrating  agencies  by  the  overlying 
soil.  The  sab-soil  is  usually  less  fertile,  and  contains  less 
organic  matter  than  the  soil  proper.  Air  circulates  more 
freely  in  the  soil  than  in  the  sub-soil,  and  the  metallic  ele- 
ments (such  as  iron)  often  exist  in  the  former  as  higher 
oxids.  It  is  generally  possible  to  observe  a  difference  in 
color  between  the  soil  and  the  sub-soil,  and  frequently 
there  appears  a  very  sharp  color-line  separating  them — 
the  soil  being  usuaUy  darker. 

While  the  sub-soil  is  an  important  factor  in  the  econ- 
omy of  plant  growth,  it  is  the  surface  soil  which  concerns 
us  most.  Since,  as  has  been  stated,  soil  lesults  from  disin- 
tegrated rock  masses,  its  character  and  composition,  if 
formed  in  aitUj  should  generally  be  the  same  as  the  gen- 
eral mass  of  earth  underlying  it— except  that  this  debris 
has  been  subjected  to  the  solvent  action  of  water  and,  per- 
haps, of  certain  chemicals,  as  well  as  the  influence  of 
vegetable  growth,  and  these  agencies,  naturally,  have 
served  to  modify,  somewhat,  the  chemical  properties  of  the 
soil  thus  acted  upon.  When  a  soil  is  heated  to  low  red- 
ness it  is  found  that  a  portion  of  it  volatilizes  and  a  por- 
tion of  it  remains  behind  in  the  form  of  ash.  That  por- 
tion  which  disappears  as  a  result  of  heating  is  commonly 
designated  the  "organic'^  portion,  and'that  which  remains 
behind,  the  ''inorganic"  portion  of  the  soil. 

Composition  of  Soils. 

The  organic  portion  of  a  soil  is  very  complex  and 
consists  of  products  of  decomposition — ^products  varying 
between  woody-fibre  and  the  gases  into  which  vegetable 
matter  is  ultimately  converted  when  completely  decom- 
posed. 

This  organic  matter  is  composed  almost  wholly  of 
the  four  elements,  carbon,  hydrogen,  oxygen  and  nitrogen. 
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in  yaiying  proportions.  All  fertile  soils  must  have  pres- 
ent more  or  less  of  this  organic  snbstanoa  While  all  fer- 
tile soils  must  contain  this  material,  it  is  not  essential  to 
fertility  that  any  definite  portion  of  it  should  he  present. 
In  soils  known  to  he  fertile,  it  is  found  to  vary  in  quan- 
tity, all  the  way  from  one-half  per  cent,  in  the  case  of  thin, 
sandy  soils,  to  as  high  as  seventy  per  cent  in  peaty,  or 
muck  soils. 

A  portion  of  the  organic  matter  present  in  soils 
exists  in  a  form  called  '*humus,"  which  is  a  mixture  of 
several  of  the  intermediate  stages  of  decay.  In  a  laige 
majority  of  instances  it  is  to  the  presence  of  this  humus 
that  the  dark  color  of  the  soil  is  due.  It  is  an  exceedingly 
important  constituent  of  soils  because  it  furnishes,  in  a 
large  measure,  the  nitrogen  necessary  for  most  growing 
crops.  Formerly  it  was  supposed  to  be  an  absolutely  nec- 
essary factor  in  the  productivity  of  soils.  It  is  now  known 
that  this  is  not  true,  still,  the  value  of  this  substance  is 
recognized  at  the  present  time,  not  only  as  a  source  of  ni- 
trogen, but  because  it  exercises  a  powerful  solvent  influ- 
ence on  the  inactive  phosphoric  acid,  potash  and  silica  in 
the  soil,  and  also  on  account  of  the  excellent  influence  it 
exerts  on  its  physical  properties.  Much  more  will  be  said 
in  the  course  of  this  bulletin  in  regard  to  this  substance. 

Inorxanic  Soil  Constituents. 

The  inorganic  (mineral)  portion  of  the  soil  consists 
principally  of  the  following  metals : 

Potassium,  Sodium,  Calcium,  Magnesium,  Iron  and 
Aluminum,  and  the  following  non-metals:  Silicon, 
Chlorin,  Sulphur  and  Phosphorus.  All  of  these  substances 
remain  in  the  ash  when  either  a  soil  or  plant  is  burned. 
The  mineral  portion  constitutes  the  greater  part  of  the  bulk 
and  weight  of  all  ordinary  soils.  In  the  case  of  muck  or 
peaty  soils,  the  organic  portion  frequently  predominates. 
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The  mineral  portion  of  any  soil  is  of  a  complex  charac- 
ter,  bnt  a  knowledge  of  the  intricate  chemical  composi- 
tion of  the  several  components  wonld  be  of  little  value  to 
the  practical  agriculturist,  and  a  discussion  of  this  point 
is  unnecessary  at  this  time.  A  brief  description  of  the 
several  elements  that  enter  into  the  compositions  of  all 
soils  will  now  be  given  in  order  to  familiarize  feurmers 
with  the  several  terms  that  will  be  employed  in  reporting 
soil  analyses  that  are  to  follow. 

It  has  been  mentioned  that  the  organic  portion  of 
soils  and  plants  consists  of  carbon,  hydrogen,  oxygen  and 
nitrogen,  and  a  description  of  these  will  now  be  in  order: 

Deserfptlon  of  the  Organic  Soil  Elements. 

Carbon  is  an  elementary  substance  and  it  occurs  in 
crystalline  form  in  Nature,  both  as  diamond  and  graph- 
ite, and  also  in  amorphous  form  as  coal.  Carbon  is  a 
large  constituent  of  peats  and  mucks.  It  is  contained  in 
the  organic  matter  of  all  soils.  The  relation  of  the  car- 
bon to  the  nitrogen  of  the  soil  often  throws  important 
light  upon  the  character  of  nitrogenous  matter.  In  com- 
bination with  oxygen,  carbon  constitutes  the  chief  food  of 
growing  plants.  In  the  form  of  carbon  dioxid  (COs )  car- 
bon is  taken  in  through  the  minute  breathing  pores 
(stomata))  on  the  under-surface  of  the  leaves  of  plants  in 
the  presence  of  sunlight.  In  due  time  the  carbon  is 
assimilated  in  the  growth  of  the  plant,  whilst  the 
oxygen  is  liberated  and  escapes  into  the  air.  In 
the  atmosphere,  carbon  exists  in  the  form  of  carbon 
dioxid  gas,  in  the  proportion  of  three  to  five  parts, 
per  thousand  parts  of  air,  by  volume.  In  the  form 
of  carbonates,  this  element  enters  into  the  composition  of 
many  of  the  most  important  deposits  occurring  in  the 
earth,  such  as  marble,  dolomite  and  limestone,  and,  in  or- 
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ganic  form,  it  also  occurs  in  the  shells  of  the  crostaoeans. 
The  calcareous  (limy)  matter  of  the  soil  of  which  carbon 
is  a  chief  component,  is  often  of  the  highest  importance 
from  an  agricultural  standpoint  These  carbonates  not 
only  facilitate  the  conversion  of  nitrogenous  bodies  into 
forms  suitable  for  plant-food,  but  they  also  exercise  much 
influence  on  the  physical  characteristics  of  the  soil,  in 
this  way  influencing  its  capacity  for  holding  water  and 
permitting  its  flow  through  the  soil,  etc. 

Hydrogen  is  a  colorless,  odorless  and  tasteless  gas.  It 
is  the  lightest  substance  known.  It  readily  burns  in  the 
air,  forming  water,  but  it  will  not  support  combustion. 
It  occurs  in  a  free  state  in  very  limited  quantities. 
Small  quantities  of  it  are  found  in  certain  volcanic  gases 
and  in  so-called  '^natural  gas,"  but  most  commonly  it  ex- 
ists in  combination  with  oxygen  as  water  (H2O)  of  which 
it  constitutes  more  than  eleven  per  cent,  by  weight.  Hy- 
drogen also  occurs  in  combination  with  carbon  in  a  series 
of  volatile  substances  known  as  hydrocarbons,  and  in- 
cluding such  products  as  petroleum,  gasoline,  kerosene, 
naphtha,  etc.  From  an  agricultural  standpoint,  in  its 
free  or  elementary  state,  hydrogen  is  of  no  importance, 
but  when  it  is  combined  with  oxygen  to  form  water,  it  is 
one  of  the  most  important  of  all  plant-foods. 

Oxygen  is  a  colorless,  odorless  gas,  without  taste,  and 
it  exists  in  abundant  quantities  in  a  free  state  in  the  at- 
mosphere of  which  it  constitutes  one-fifth  of  its  volume. 
In  combination  with  other  elements,  it  forms  nearly  one- 
half  of  the  weight  of  the  solid  crust  of  the  earth,  and 
eight-ninths  by  weight  of  all  water  is  oxygen.  There  is  only 
one  element  with  which  it  refuses  to  combine,  viz. :  fiuorin. 
In  such  combinations  it  forms  what  are  known  as  ^'oxids," 
and  with  some  of  the  elements,  it  unites  in  several  pro- 
portions forming  oxids  containing  varying  proportions 
of  the  element.     When  combined  with  silicon,  phospho- 
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ros,  carbon,  sulphur,  etc.,  oxygen  is  an  essential  compon- 
ent of  the  silicates,  phosphates,  carbonates  and  sulphates 
that  occur  more  or  less  extensively  in  the  earth.  In  these 
forms  it  is  very  stable  and  is  rarely  set  free.  Barring 
several  instances  (notably  the  oxids  of  silicon  and  iron) 
these  oxids  seldom  occur  uncombined  with  other  elments 
where  they  exist  as  constituents  of  rocks  and  soils. 
The  oxids  of  iron  occur  very  frequently  as 
such  in  rocks  and  soils  and  they  play  a  very 
important  part  in  organic  life.  These  oxids  fre- 
quently determine  the  color  of  soils,  for,  as  the  iron  in 
the  soil  is  converted  from  higher  to  lower  oxids  by  being 
exposed  to  more  or  less  air,  the  color  of  its  oxid  changes 
and  this  change  causes  the  soil  to  present  a  dififerent  ap- 
pearance. The  iron  oxids  are  also  known  to  play  an  im- 
portant part  in  influencing  the  absorptive  capacities  of 
soils  for  moisture,  and  they  likewise  afifect  their  physical 
condition  and,  in  addition,  they  materially  influence  the 
oxidation  of  organic  matter  in  the  soil.  Experiments 
have  shown  that  in  many  substances,  including  the  roots 
of  growing  plants,  when  a  free  excess  of  air  is  prevented, 
they  can  readily  obtain  such  oxygen  as  may  be  needed,  from 
the  iron  oxid  of  the  soil,  the  latter,  in  turn,  being  reduced 
to  a  lower  oxid.  The  lower  oxid  of  iron  thus  formed,  in 
turn,  soon  acquires  additional  oxygen,  again  resolving 
itself  into  the  higher  sesquioxid  (Fe2  Os ).  Under  proper 
conditions  this  change  can  go  on  indefinitely. 

Nitrogen  is  a  colorless  gas  without  taste  or  smell. 
It  exists  in  a  free  state  in  great  quantities  in  the  atmos- 
phere. Four-fifths  of  the  volume  of  the  air  is  nitrogen. 
Although  it  occurs  in  such  great  abundance  in  an  un- 
combined state  in  the  atmosphere,  there  is  only  one 
£amily  of  plants  (viz.:  the  leguminosise)  that  is  capable  of 
utilizing  any  of  it.  To  this  fact  is  due  the  great  promi- 
nence this  fiamily  of  plants  has  achieved  in  recent  years 
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as  soil  eniichers.  There  is  no  method  so  effective  and 
so  economical  for  restoring  soils  that  are  onprodnctiye  as 
planting  upon  them  some  memher  of  this  family  of 
plants  and,  through  this  agency,  remove  from  the  air 
and  restore  to  the  soil  for  the  use  of  future  crops,  the 
costly  element  nitrogen  (in  the  absence  of  which,  it  is 
impossible  for  any  form  of  vegetation  to  survive)  and,  at 
the  same  time,  increase  its  supply  of  humus  by  plow- 
ing under  vines,  stubble,  etc.,  to  undeigo  decay.  Com- 
bined with  hydrogen,  nitrogen  forms  ammonia  (NHs) 
This  is  the  form  in  which  nitrogen  is  usually  reported  in 
fertilizer  analyses.  Fourteen  pounds  of  nitrogen,  combine 
with  three  pounds  of  hydrogen  to  form  seventeen  pounds 
of  ammonia.  Probably  in  this  fact  is  found  the  reason 
why  fertilizer  manufacturers  habitually  report  the  amount 
of  nitrogen  occurring  in  a  sample  as  '^  ammonia." 
Larger  figures  are  used  to  express  the  nitrogen  equiva- 
lent in  the  form  of  the  latter  gas,  and  the  farmer,  not 
being  familiar  with  the  distinction  between  the  two, 
when  he  is  called  upon  to  choose  between  two  brands 
of  fertilizer,  in  one  of  which  the  nitrogen  is  reported  as 
such,  and  in  the  other  as  "  ammonia/'  he  is  naturally 
inclined  to  purchase  the  one  in  which  larger  figures  are 
employed  in  stating  the  quantity  present.  Two  brands 
of  fertilizer  might  contain  exactly  the  same  amounts  of 
nitrogen,  and  if  in  one  sample  the  nitrogen  were  reported 
as  such  and,  in  the  other  as  ammonia,  to  one  not  familiar 
with  the  relation  between  the  two,  other  things  being 
equal,  the  latter  would  appear  to  be  the  better  fertilizer. 
As  a  mineral  constituent  of  soils,  nitrogen  is  found 
chiefly  in  the  form  of  nitrates,  but,  owing  to  the  fact  that 
nitrates  are  exceedingly  soluble  in  water,  it  is  impossible 
for  them  to  accumulate  in  soils  that  are  exposed  to  heavy 
rains.  Free,  atmospheric  nitrogen  exists  naturally  in  the 
pores  of  the  soil,  and  when  so  situated,  it  is  of  some 
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agricultiiral  importance  sinoe  it  is  in  the  soil  that  the 
anaeiobic  organisms  are  aocammnlating  on  the  rootlets 
of  some  plants  where  they,  doubtless,  are  engaged  in  a 
process  of  fixation  of  the  nitrogen  of  the  atmosphere  and 
putting  it  in  assimilable  form.  It  is  not  believed  that 
nitrogen,  in  a  free  state,  can  be  absorbed  by  the  tissues 
of  plants.  It  must  be  first  oxidized  into  nitric  acid 
before  it  is  capable  of  being  utilized. 

Sea-Weed  as  a  Source  of  Nitrogen. 

It  is  now  known  that  some  varieties  of  sea-weed,  in  a 
green  state,  are  valuable  sources  of  nitrogen.  Jenkins  has 
shown,  from  the  analysis  of  several  varieties,  that  they  are 
folly  equal  in  fertilizing  value  to  stall  manure  and  still 
they  are  sold  at  a  rate  of  five  cents  per  bushel.  This  inves- 
tigator has  been  fully  corroborated  in  his  statements  by 
otiier  eminent  scientists,  such  as  Goessman,  Hartwell  and 
Wheeler.  All  are  aware  that  sea-weed  has  long  been 
esteemed  as  a  fertilizer.  As  early  as  the  fourth  century, 
its  value  was  clearly  recognized  and  it  has  come  to  be  more 
and  more  appreciated  in  later  days,  since  a  chemical  inves- 
tigation has  corroborated  the  views  held  in  those  early 
times,  that  it  possessed  great  value  for  fertilizing  purposes. 
To  illustrate  the  commercial  importance  of  this  material,  it 
is  only  necessary  to  state  that  in  1885  its  value  as  a  fer- 
tilizer in  the  State  of  Rhode  Island,  alone,  was  (65,044, 
while  the  value  for  all  other  fertilizers  for  the 
same  year  was  only  (164,138.  In  Florida  sea-weed 
ought  to  be  an  article  of  great  agricultural  import- 
ance since  it  occurs  in  great  abundance  in  various 
sections  of  the  State  and  adjacent  to  lands  that  would  be 
highly  benefited  by  its  application.  When  applied  to 
soils  in  warm  climates  like  that  of  Florida  it,  doubtless, 
would  be  £afer  to  allow  the  weeds,  after  cutting,  to  die 
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and  enter  upon  decay  before  applying  them  to  the  soil, 
in  order  to  avoid  the  risk  of  souring  the  latter  by  apply- 
ing them  in  the  green  state  and  allowing  them  to  under- 
go rapid  decomposition. 

The  elements  that  we  have  thus  far  described  con- 
stitute what  are  usually  called  the  '' organic  "  elements  of 
the  soil.  It  now  remains  to  describe  those  elements  that 
compose  the  mineral  portion  of  the  soil,  and  which  are 
left  behind  in  the  form  of  ash  when  the  soil  is  burned. 

The  Inorganic  Soil  Elements. 

These  are  Potassium,  Sodium,  Calcium,  Magnesium, 
Iron,  Aluminum,  Silicon,  Salphur  and  Phosphorus.  In 
addition  to  the  foregoing,  Manganese  and  Barium  (metals) 
and  Fluorin  and  Boron  (non  metals)  are  frequently  found 
in  small  quantities  in  soils,  but,  for  general  agricultural 
purposes,  they  are  of  such  inferior  importance  as  to  ren- 
der only  mention  of  them  necessary.  To  the  farmer,  the 
two  most  important  of  this  latter  division  are  Potassium 
and  Phosphorus,  since  these  are  the  only  ones  that  are 
likely  to  be  deficient  in  a  soil,  but  a  brief  description  of 
all  the  principal  ones  will  now  be  given. 

Potassium  is  never  found  in  a  free  state  in  Nature. 
Combined  with  silica,  it  is  an  important  component  of 
many  mineral  silicates  such,  for  example,  as  orthoclase. 
Granite  rock  also  contains  considerable  quantities  of 
potassium  in  complex  forms,  and  when  these  rocks 
disintegrate,  their  potassium  slowly  becomes  available  as 
plant-food.  Potassium  also  occurs  in  small  quantities  as 
chlorid  in  sea-water,  and  it  is  found  in  great  abundance 
in  certain  rainless,  tropical  countries  naturally  formed  in 
the  soil,  and  in  this  form  is  known  as  potassium-nitrate, 
or  '^saltpeter."  To  the  farmer,  this  element  is  of  great 
importance,  since  it  is  one  of  the  three  that  are  usually 
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deficient  in  soils  and  which  must  he  applied  in  the  form 
of  fertilizer  before  a  soil  deficient  in  either  can  become 
productive.  An  important  home  source  of  potassium  is 
hard-wood  ashes.  Ashes  that  result  from  the  burning  of 
hard  woods,  such  as  oak,  hickory,  etc.,  consist  largely  of 
potassium  in  the  form  of  carbonate.  Ashes  are  simply 
the  mineral  substances  that  are  removed  from  the  soil  by 
plants  during  growth.  Potassium  is  universally  distrib- 
uted in  soils,  and  many  virgin  soils  are  apt  to  con- 
tain enough  of  this  element  in  an  available  form  to 
last  for  some  years  in  a  system  of  cropping,  before  it 
becomes  necessary  to  replenish  its  supply  in  the  form  of 
a  fertilizer  application.  In  the  form  of  kainite,  etc.,  large 
quantities  of  potassium  are  used,  not  only  for  fertilizing, 
but  also  for  the  manufacture  of  pure  salts  for  pharma- 
ceutical and  other  purposes.  The  ordinary  salts  of  potas- 
sium are  very  soluble,  and  hence  cannot  accumulate  in 
large  quantities  in  soils  exposed  to  heavy  rains.  The 
most  extensive  potash  deposits  in  the  world  occur  in  the 
vicinity  of  Stassfurt,  in  Germany.  It  would  be  inter- 
esting briefly  to  refer  to  the  theory  of  the  formation  of 
these  deposits,  but  this  can  hardly  be  done  at  the  present 
time.  Suffice  it  to  say  that  these  vast  salt  mines  are,  at 
present,  the  chief  source  of  the  potash  that  is  used  in 
manufacturing  commercial  fertilizers  throughout  the 
entire  civilized  world. 

Sodium  is  never  found  free  in  Nature,  but  occurs 
most  commonly  combined  with  chlorin  to  form  sodium 
chlorid  (NaCl).  Combined  with  silica,  it  is  an  important 
element  in  many  silicates.  Although  this  element  is 
closely  related  chemically  to  potassium,  it  cannot,  in  any 
case,  be  substituted  for  it  in  plant  nutrition.  It  closely 
resembles  potassium,  both  in  its  chemical  and  physical 
properties.  In  combination  with  nitrogen,  it  forms 
sodium-nitrate  commonly  called  ^  Chile- saltpeter."   This 
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latter  name  is  derived  from  the  £act  that  it  occurs  as  an 
incrustation  on  the  surface  of  the  soil  in  Chili.  On  ac- 
count of  its  content  of  nitrogen,  Chile-saltpeter  is  a  valu- 
ble  fertilizer,  and  laige  quantities  of  it  are  shipped 
annually  into  this  country,  and  into  other  countries,  as 
a  commercial  source  of  nitrogen  in  manu&otured  fertili- 
zers. Sodium  is  of  little  agricultural  importance,  as  yet, 
because  soils  at  present  are  not  likely  to  be  deficient  in  it, 
as  is  the  case  with  their  stores  of  potassium,  phosphorus 
and  nitrogen,  and  the  fiBmner,  therefore,  never  finds  it 
necessary  to  purchase  it  for  fertilizing  purposes.  Nitrate 
of  soda  is  employed,  not  because  it  contains  sodium,  but 
on  account  of  its  nitrogen.  A  good  quality  of  nitrate  of 
soda  contains  about  sixteen  per  cent,  of  nitrogen. 

Calcium  occurs  very  abundantly  as  one  of  the  con- 
stitaents  of  the  earth's  crust,  of  which  it  is  supposed  to 
compose  about  one-sixteenth.  It  does  not  occur  free  in 
N»iture  and  it  is  a  metal  exceedingly  difficult  to  separate 
from  its  compounds.  Its  most  common  form  of  combi- 
nation is  with  carbon  dioxide,  forming  the  minerals 
marble,  calcite,  and  the  very  abundant  lime-stone  rocks. 
All  of  these  substances  are  chiefly  combinations  of  cal- 
cium with  carbon  dioxide.  As  it  exists  in  limestone 
rock,  calcium  is  slightly  soluble  in  water  containing  car- 
bon dioxide,  and  hence,  it  has  become  a  universal  com- 
ponent of  soils  and  is  also  of  general  occurence  in  natural 
waters.  In  such  waters,  it  is  the  chief  ingredient  that  is 
employed  in  the  formation  of  the  shells  and  skeletons  of 
the  several  tribes  of  moUusca  and  corals.  Calcium  also 
exists  in  combination  with  sulphuric  acid  in  Nature,  and 
when  occurring  thus,  it  forms  the  well-known  substance, 
gypsum.  Lime  is  a  combination  of  calcium  and  oxygen 
(CaO)  and  is  formed  by  burning  lime-stone  or  caldam 
carbonate.  Calcium  is  sometimes  applied  to  soils  in  the 
form  of  lime,  but,  more  frequently,  the  lime  is  slaked  with 
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water  before  applying  it,  in  order  to  modify,  8omewhat» 
its  active  canstic  effects.  Caldum  is  not  only  an  essen- 
tial plant>food  bat  it  inflnencee,  in  a  marked  degree,  both 
the  progress  of  nitrification  in  the  soil  and  its  physical 
condition.  Frequently,  stiff,  day  soils,  which  on  account 
of  their  toughness  and  compactness  do  not  admit  of  cul- 
tivation, are  rendered  porous  and  pulverulent  by  the  ap- 
plication of  lime  and  are  thus  brought  into  a  suitable 
state  for  cultivation  and  become  quite  productive.  Not 
only  is  it  an  essential  ingredient  of  soils  and  plant-food, 
but  it  is  the  chief  component  of  the  bones  of  all  animals. 
Seferring  to  the  presence  of  lime  in  soils,  Professor  Hil- 
gard  says :  "  Other  things  being  equal,  the  thriftiness  of 
the  soil  is  immeasurably  dependent  on  a  certain  mini- 
mum percentage  of  lime."  Where  lime  occurs  in  proper 
proportion  in  a  soil,  Professor  Fulmer  (Bulletin  13  Wash- 
ington Experiment  Station)  thus  summarizes  the  benefi- 
cial effects  resulting  from  its  presence : 

(1)  A  more  rapid  transformation  of  vegetable  matter 
into  humus. 

(2)  The  retention  of  humus  against  the  oxidizing 
effects  of  hot  climates. 

(3)  Whether  through  the  medium  of  this  humus,  or 
in  a  more  direct  manner,  it  renders  adequate  for  profit- 
able culture  percentages  of  phosphoric  acid  and  potash 
so  small  that,  in  case  of  a  deficiency  of  lime,  or  its 
absence,  the  soil  would  be  directly  sterile. 

(4)  It  tends  to  secure  the  proper  maintenance  of  the 
conditions  of  nitrification,  whereby  the  inert  nitrogen  of 
the  soil  is  rendered  available. 

These,  in  connection  with  other  physical  influences 
it  is  known  to  exert,  make  lime  an  exceedingly  important 
constituent  of  soils  and  one,  which,  on  account  of  its 
cheapness,  can  be  very  easily  supplied.  It  is  one  of  the 
most  available  soil  constituents,  existing  in  some  soils  in 
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mere  traces^  while  in  others  it  occurs  in  proportions 
approximating  30  per  cent  of  the  total  weight  of  the  soil. 
Combined  with  phosphoric  add,  it  constitutes  the  well- 
known  phosphate  deposits  that  occur  extensively  in  Florida 
and  other  sections  of  the  country.  When  present  in  soils 
in  relatively  small  proportions,  it  has  been  found  that 
they  will  respond  more  readily  to  applications  of  potash 
fertilizers,  but  thid  does  not  mean  that  it  should  not  occur 
in  all  soils  in  sufficient  quantities  to  supply  all  agricul- 
tural demands. 

Magnesium  is  found  in  Nature  chiefly  in  combina- 
tion with  carbon  dioxid,  or  with  lime  and  carbon  dioxid, 
in  the  mineral,  dolomite.  Its  oxid  (MgO)  resembles  lime 
in  many  of  its  properties  and  it  is  generally  found  as- 
sociated with  it  in  rocks.  It  is  found  in  all  cultivated 
soils  and  seems  to  be  essential  to  the  perfect  development 
of  many  plants.  Evidence  is  constantly  accumulating  to 
prove  that  its  presence  in  the  soil  is  necessary  for  the  full 
development  of  many  cereals,  such  as  wheat,  barley,  etc. 
Magnesium  is  an  essential  constituent  of  such  rocks  as 
talc,  serpentine  and  soap-stone.  This  element  is  not  so 
important  a  factor  in  agriculture  as  are  those  we  have 
already  described,  and  as  are  others  to  be  described  here- 
after. Still,  as  has  been  stated,  it  seems  to  be  indispen- 
sable to  certain  varieties  of  vegetation.  Although  it  is 
an  important  ingredient  of  certain  forms  of  plant  ash,  yet 
it  is  well  known  that  soils  resulting  from  the  disintegra* 
tion  of  magnesium  lime-stone  are  inferior  to  those  that 
are  derived  from  pure  lime-stone.  There  are  a  great 
many  scientists  who  do  not  regard  magesium  as  of  very 
great  consequence,  either  as  a  plant-food  or  as  a  fertiliz- 
ing material. 

If  the  lime  is  applied  as  gypsum,  in  addition  to 
other  beneficial  efifects,  it  is  unusuaUy  effective  in  reliev- 
ing the  inert  potash  of  the  soil. 
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Iron  is  the  most  abundant,  and,  in  the  arts,  the  most 
useful  of  the  heavy  metals,  and  it  occurs  in  Nature  usu- 
ally combined  with  other  elements.  Small  quantities  of 
it  exist  in  a  free  state  in  basaltic  rocks  and  meteorites.  In 
combination  with  oxygen  it  is  one  of  the  most  widely 
diffused  elements  and  a  lai^e  number  of  rocks  and  min- 
erals owe  their  coloring  matter  to  the  presence  of  this 
metal.  In  the  form  of  oxids,  iron  also  exists  in  the  val- 
uable ores  commonly  called  ^'hematite"  and  ^'magnetite.'' 
In  combination  with  sulphur  it  forms  the  mineral  ''sul- 
phur pyrites,"  (FeSj),  commonly  called  "Fool's  Gold." 
Nearly  all  red  or  yellow  soils  owe  their  color  to  the  pres- 
ence of  iron  oxids.  In  addition  to  its  wide  and  varied 
uses  in  the  arts,  iron  is  also  an  important  plant-food,  al- 
though it  is  not  taken  up  in  very  large  quantities  by  the 
tissues  of  plant&  It  occurs  in  different  soils,  varying  in 
quantity,  usually  from  one  to  twenty  per  cent.  Although 
the  red  color  of  soils  is  usually  due  to  the  presence  of 
iron,  still  it  frequently  happens  that  soils  distinctly  red 
contain  less  iron  than  others  of  a  much  darker  color. 
The  color  apparently  is  due  to  the  mode  of  distribution 
of  the  iron,  rather  than  to  the  quantity  of  it  present. 
Usually  it  is  the  case  that  the  more  iron  a  soil  contains, 
the  less  will  be  the  quantity  of  organic  matter  present, 
but  this  does  not  mean  that  the  supply  of  organic  mat- 
ter will  be  sufficiently  small  to  render  a  soil  unproduct- 
ive. It  is  believed  that  the  influence  iron  exerts  on  the 
productivity  of  soils  is  chiefly  mechanical  in  that  it  is  be- 
lieved to  be  capable  of  increasing  the  power  of  the  soil  to 
absorb  and  retain  heat  and  moisture,  and,  in  the  case  of 
clay  lands,  of  rendering  tillage  easier.  Iron  is  also 
known  to  improve  the  green  color  of  plants  and  it  prob- 
ably exerts  other  beneficial  chemical  effects.  But  these 
latter  are,  at  present,  not  well  understood. 
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Alaminam,  next  to  oxygen,  is  probably  tbe  mort 
abundant  element  of  the  earth's  cmsty  of  which  it  is  be- 
lieyed  to  fonn  about  one-twelfth.  Aluminum  does  not 
exist  in  Nature  in  a  free  state.  Its  most  common  form  of 
occurrence  is  in  combination  with  silicon  and  oxygen, 
and  when  so  combined,  it  is  an  important  constituent  of 
kaolin,  slate,  clay,  feldspar  and  mica,  and  it  also  enters 
into  the  combination  of  various  other  rocks  and  miner- 
als. In  the  process  of  "weathering,"  feldspar,  mica  and 
other  minerals  containing  aluminum,  in  chemical  com- 
binations, undergo  partial  disintegration  and  kaolin  (true 
clay)  is  formed  as  a  result.  This  is  of  very  great  impor- 
tance to  the  soil.  Aluminum  is  not  regarded  as  of  very 
much  importance  as  a  plant-food,  still  in  tbe  form  above 
referred  to,  it  is  an  exceedingly  important  constituent  of 
the  soil,  for  its  presence,  or  absence  from  it,  modifies  very 
greatly  its  physical  properties.  While  this  metal  is  not 
considered  of  very  great  importance  as  a  plant-food,  still 
the  fertility  of  the  soil,  as  has  been  stated,  is  very  large- 
ly dependent  on  the  quantity  of  clay  which  it  contains, 
for  it  is  this  clay  that  influences,  very  largely,  its  ability 
to  absorb  and  retain  moisture,  and  that  puts  it  in  a  desir- 
able condition  for  cultivation. 

Silicon  occurs  abundantly  in  Nature  in  combination 
with  oxygen,  and  in  this  form  is  known  as  silica  (sand). 
As  such,  it  constitutes  a  large  portion  of  various  rocks 
and  soils.  It  forms  about  one-fourth  of  the  solid  crust  of 
the  earth.  Silica  is  seen  in  its  purest  form  in  quartz 
crystals.  The  sand  that  glass  blowers  employ  is  also 
nearly  pure  quartz.  As  has  been  previously  mentioned, 
silicon  is  an  essential  component  of  many  minerals,  such 
as  the  feldspars,  mica,  etc.  Silica  is  only  very  slightly 
affected  by  Uie  ordinary  forces  concerned  in  the  decay  of 
rocks  (rain,  frost,  freezing,  etc.,)  and  even  after  the  crys- 
tals of  feldspar,  mica  and  other  minerals  occurring  in 
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rocks,  have  been  disintegrated,  the  silica  remains  as  hard 
grains  of  sand,  forming  the  larger  portion  of  most  soils. 
In  the  form  of  sand,  it  is  believed  to  be  chemicatly  inert 
as  regards  plant  growth,  bnt  in  such  form  it  plays  an 
important  part  both  in  the  physical  structure  of  soils  and 
in  iheir  physical  relation  to  plant  growth.  Some  chem- 
ists doubt  whether  silicon  is  a  necessary  constituent  of 
plants,  but  all  agree  that  it  is  found  in  the  stems  of  grass, 
wheat,  com  and  various  varieties  of  vegetation.  It  is 
probably  true  that  most  fertile  soils  contain  some  siUca 
in  a  soluble  form  and,  in  this  form,  it  is  a  source  of 
plant-food. 

Sulphur  occurs  both  in  a  free  and  combined  state  in 
Nature.  In  a  free  state,  it  occurs  in  volcanic  regions  such 
as  Sicily,  Iceland,  and  the  Western  United  States.  We 
are  quite  familiar  with  this  substance  in  the  form  of 
"flowers  of  sulphur"  found  in  every  drug-house,  or  as 
"brimstone,"  which  is  simply  sulphur  molded  into  sticks. 
Sulphur  possesses  a  well-known  yellow  color  and  burns 
with  a  pale,  blue  flame  and  very  suffocating  odor.  In 
combination  with  oxygen  and  hydrogen,  this  element 
forms  sulphuric  acid,  or  "oil  of  vitriol,"  which  is  the 
strongest  of  the  ordinary  mineral  adds.  Sulphuric  acid 
is  very  extensively  used'  in  the  manufacture  of  fertiUzers. 
The  usual  form  of  occurrence  of  sulphur  in  soils  is  in 
combination  with  metals  to  form  sulphids,  or  with  oxygen 
and  metals  to  form  sulphates.  It  combines  with  iron  to 
form  iron  pyrites  (FeS2),  while  with  oxygen  and  calcium 
it  constitutes  the  well-known  mineral,  gypsum  (calcium 
sulphate),  which  is  an  important  fertilizing  compound. 
Sulphur  is  an  important  nourishing  constituent  of  plants 
and  is  found  occurring  in  them  both  in  organic  com- 
pounds and  as  sulphuric  acid. 

Chlorin  never  occurs  free  in  Nature,  except  in  limited 
amounts  in  volcanic  emissioDs.    Most  commonly  it  is 
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combined  with  hydrogen  forming  hydrochloric  acid,  and 
with  metals,  forming  chloride.  Chlorin  also  occurs  in 
the  ash  of  plants,  as  well  as  in  the  soil.  In  the  form  of 
common  salt,  it  is  an  abundant  constituent  of  sea-water. 
It  is  a  poisonous  gas,  very  irritating  to  the  throat  and 
lungs.  In  the  form  of  sodium  chlorid,  it  exists  as  exten- 
sive beds  of  rock  salt,  and  as  such,  is  mined  for  chemical 
purposes.  It  occurs  in  varying  proportions  in  all  plants 
and  must  be  regarded  as  an  essential  constituent  of  them. 
When  applied  to  a  soil,  sodium  chlorid  (common  salt)  in- 
creases its  power  to  attract  and  retain  moisture.  It  is  fre- 
quently found  occuring  in  too  large  proportions  in  soils  to 
render  them  adapted  to  plant  growth,  but  where  fresh 
water  irrigation  is  practicable  and  drainage  can  be  accom- 
plished, this  difficulty  can  be  overcome.  Generally,  the 
occurrence  of  one  part  of  chlorin  per  thousand  of  soil  is 
regarded  as  injurious  to  growing  crops. 

Phosphorus  never  occurs  in  a  free  state  in  Nature, 
but,  in  forms  of  combination,  it  exists  in  varying  quanti- 
ties in  all  soils.  It  is  also  a  chief  component  of  the  min- 
erals, phosphorite  and  apatite,  forms  of  phosphate  rock 
occurring  widely  diflFused  in  Nature.  In  forms  of  com- 
bination with  other  elements,  phosphorus  is  one  of  the 
most  essential  constituents  of  both  animal  and  plant- 
food.  In  animals,  calcium  phosphate  forms  nearly  all  of 
the  mineral  matter  of  their  bones  and  in  plant-foods  it  is 
the  chief  constituent  of  the  ash  of  seeds.  The  deposits  of 
pebble  phosphate  and  of  some  rock  phosphates  are  sup- 
posed to  be  of  organic  origin,  i.  e.,  derived  from  the  re- 
mains of  terrestrial,  marine,  and  aerial  animals.  To  the 
farmer,  phosphorus  is  one  of  the  most  important  ele- 
ments, since  it  is  one  of  three  that  are  most  likely  to 
be  deficient  in  soils,  and  thus  have  to  be  replaced 
by  applications  of  fertilizers.  It  is  the  chief  com- 
ponent of  phosphoric  acid,  the  substance  which  is  more 
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aniversally  deficient  in  soils  than  any  other  plant-food 
essential  and  this  is  why  phosphatic  manures  are  of  such 
importance.  As  has  been  already  stated,  rock  phosphate 
occurs  in  immense  quantities  in  Florida.  It  is  also 
found  in  large  quantities  in  South  Carolina,  Tennes- 
see^ and  in  considerable  amounts  in  North  Carolina, 
Alabama,  California,  etc.  In  Florida,  the  supply  is 
practicably  inexhaustible.  In  view  of  the  fact  that 
the  demand  for  chemical  fertilizers  is  increasing  all  the 
while,  it  is  not  improbable  that  the  State  of  Florida  will 
yet  become  immensely  wealthy  from  the  development  of 
this  single  industry.  The  quality  of  the  phosphate  rock 
mine  in  this  State  is  not  inferior  to  that  mine  elsewhere 
in  the  United  States,  and  the  scientists  of  the  world  now 
recognize  the  superority  of  our  deposits  and,  accordingly, 
they  are  used  very  extensively.  As  the  demand  for  ar- 
tificial fertilizers  increases,  we  may  expect  to  see  an  in- 
creased consumption  of  Florida  phosphate  until,  after  a 
while,  the  phosphate  industry  will  become  to  Florida 
what  the  iron  industry  has  long  been  to  Alabama. 
Various  explanations  by  Davidson,  Wyatt,  and  others, 
have  been  offered  to  explain  the  origin  of  the  phosphate 
deposits  of  Florida,  but  the  limit  of  this  bulletin  will  ren- 
der it  impracticable  to  attempt  a  discussion  of  any  of 
the  several  theories  in  this  place. 

Cereal  crops  remove  about  twenty  pounds  of  phos- 
phoric acid,  per  acre,  from  the  soil  annually,  and  grass 
crops  about  twelve  pounds.  Wiley  estimates  (Vol.  I  Agri. 
Analysis)  that  the  total  amount  of  phosphoric  acid  removed 
annually  by  the  cereal  and  grass  crops,  in  the  United  States, 
is  nearly  four  billion  pounds.  In  a  chemical  analysis,  the 
phosphoric  acid  present  is  usually  reported  under  two  di- 
visions, viz.,  "available"  and  'insoluble"  phosphoric  acid. 
The  former,  in  turn,  is  often  reported  under  two  divisions 
as  "water  soluble"  and  "citrate  soluble"  or  "reverted" 
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phosphoric  acid«  It  will  be  seen  therefore,  that  when  all 
of  th^  soluble  phosphoric  acid  in  a  fertilizer  is  reported 
under  the  head  ^  available "  phosphoric  acid,  it  means 
that  the  ^  water  soluble "  and  "  citrate  soluble ''  forms 
have  been  combined.  Or,  in  other  words,  the  ^'  avail- 
able" acid  includes  both  the  ''water  soluble"  and 
"  citrate  soluble  "  acid,  and  represents  the  entire  amount 
of  phosphoric  a  cid  that  exists  in  a  form  which  will  per- 
mit of  being  readily  taken  up  by  growing  crops. 

When  the  term  ''  phosphoric  acid  "  is  used  in  con- 
nection with  the  chemical  analysis  of  a  fertilizer,  it  sig- 
nifies a  compound  which  is  really  not  phosphoric  acid 
but  simply  one  of  phosphorus  and  oxygen  (phosphoric 
anhydrid  or  phosphorus  pentoxid).  True  phosphoric 
acid  could  not  well  exist  as  such  in  a  fertilizer.  So  that  in 
an  analysis,  the  figures  under  the  heading  ''  phosphoric 
acid  "  really  state  the  amount  of  the  phosphoric  oxide 
(P2  O5 )  above  mentioned,  which  is  equivalent  to  the  phos- 
phoric acid,  in  a  form  of  calcium  phosphate  actually 
existing  in  the  fertilizer.  True  phosphoric  acid  is  a 
compound  of  three  elements,  viz.:  phosphorus,  hydrogen 
and  oxygen,  but  in  the  form  in  which  we  are  accus- 
tomed to  use  the  term,  the  hydrogen  of  the  acid  has 
been  replaced  by  some  other  substance,  usually  lime, 
(calcium)  and  a  salt  is  formed,  as  a  result,  which  is 
known  to  the  chemist  as  calcium  phosphate. 

Enough  has  been  said  to  render  it  apparent  that 
"insoluble"  phosphoric  acid  is  the  form  in  which 
phosphorus  exists  chiefly  in  most  soils.  The  same  is 
true  as  regards  its  mode  of  occurrence  in  bones  and  in 
the  phosphatic  rocks  which  are  employed  in  the  manu- 
facture of  chemical  fertilizers.  It  is  necessary,  therefore, 
for  it  to  be  rendered  soluble,  or  available,  before  it  is 
in  proper  form  to  be  applied  for  the  purpose  of  enriching 
soils. 


629 

The  way  in  which  crude  phosphate  rock  is  usually 
rendered  soluble  and  readily  available,  is  by  treating  it 
with  sulphuric  acid,  thus  converting  it  into  what  is 
known  as  superpTiospluUe  or  acid  pJwsphate,  This  may  be 
accomplished  by  mixing  the  ground  rock  with  half  its 
weight  of  sulphuric  acid  (previously  mixed  with  two  or 
three  times  its  weight  of  water).  The  water  should  first 
be  placed  in  the  vessel  that  is  to  contain  the  mixtures  of 
acid  and  water,  and  the  acid  should  be  added  very 
slowly  (because  a  great  evolution  of  heat  and  steam  will 
be  sure  to  occur)  and  should  be  stirred  constantly.  Next 
slowly  pour  the  acid  upon  the  ground  rock,  thoroughly 
mix,  and  allow  the  mixture  to  stand. 

In  a  couple  of  hours  the  reaction  will  be  complete, 
and  then  the  mixture  is  left  to  dry.  As  a  means  of  get- 
ting rid  of  any  excess  of  acid,  which  is  likely  to  be  pres- 
ent, rich  earth,  saw-dust  or  ashes  are  mixed  with  the 
mass  and  these  serve  to  neutralize  the  excess  of  acid. 
The  above  treatment  converts  the  insoluble  phosphoric 
acid  present  in  the  rock  into  soluble  or  available 
phosphoric  acid,  and  the  acid-treated  material  is  now 
known  as  acid  phosphate,  or  super-phosphate.  It  is  this 
form  that  is  generally  employed  in  the  manufacture  of 
chemical  fertilizers. 

Glasslfleatlon  of  Soils. 

Soils  have  been  variously  classified  by  different 
writers  as  regards  their  differing  qualities  and  composi- 
tion. A  very  practical  and  convenient  method  is  the 
one  adopted  by  Wiley  (Vol.  1,  page  53,  Agricultural 
Analysis)  which  is  as  follows  : 

(1)  Sand — Soils  consisting  almost  exclusively  of  sand. 

(2)  Sandy  LoaTns — Soils  containing    some    humus   and 

clay,  but  an  excess  of  sand. 

(3)  Loams — Soils  inclining  neither  to  sand  nor  clay,  and 
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contiaining  some  considerable  portions  of  vegetable 
mold,  being  very  pulverulent  and  easily  broken  up 
into  loose  and  porous  masses. 

(4)  Claya — ^StiflF  soils  in  which  the  silicate  of  alumina  and 

other  fine  mineral  particles  are  present  in  large 
quantity. 

(5)  Marls — Deposits  containing  an  unusual  proportion 

of  carbonate  of  lime,  with  often  some  potash  or  phos- 
phoric acid  resulting  from  the  remains  of  sea  animals 
and  plants. 

(6)  Alkaline — Soils  containing  carbonate  and  sulphate 

of  soda,  or  an  excess  of  those  alkaline  and  other 
soluble  mineral  substances. 

(7)  Adobe — A  fine  grain  porous  earth  of  peculiar  proper- 

ties. 

(8)  Vegetable — Soils  containing  much  vegetable  debris  in 
an  advanced  state  of  decomposition.  When  such 
matter  predominates,  or  exists  in  large  proportion 
in  a  soil,  the  term  tule,  peat  or  muck  is  applied  to  it. 

All  of  these,  save  Nos.  6  and  7  are  well  known  and 
occur  extensively  throughout  the  United  States.  In 
certain  arid  regions  of  the  West,  varieties  of  No.  6  also 
occur  in  great  abundance.  In  the  peninsula  of  Florida 
the  only  types  that  occur  in  any  considerable  quantity 
are  included  in  divisions  Nos.  1  and  8.  Probably  up- 
ward of  90  per  cent,  of  the  present  arable  soils  of  the 
Florida  peninsula  are  included  in  the  first  division. 

The  CIrowth  of  Plants  Influenced  by  the  Stze  of  Soil 

Particles. 

As  is  well  known,  the  size  of  soil  particles  has  much 
to  do  with  the  growth  of  vegetation.  In  a  general  way, 
soil  particles  are  ordinarily  divided  into  two  classes, 
designated  the  soil  "skeleton,"  which  includes  all  coarse 
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particles,  such  as  gravel  and  coarse  sand  which  are 
larger  than  .02  of  an  inch  (.5  millimeter),  and  "fine 
earth"  which  includes  all  soil  particles  smaller  than  .02 
of  an  inch.  The  former  is  valueless  as  a  source  of  plant 
food  and  is  not  included  in  the  chemical  study  made  of  a 
soil.  It  is  the  "  fine  soil ''  only  that  is  ordinarly  sub- 
jected tq  analysis  and  all  analyses  included  in  this  bul- 
letin are  of  those  proportions  of  soils  comprised  within 
this  division.  Only  the  percentage  of  total  coarse  ma- 
terial occurring  in  each  sample  is  given  in  the  different 
analyses.  In  a  physical  soil  study  it  is  customary  to 
divide  the  **  fine  soil  "  portions  into  sizes  included  in  six 
divisions,  as  follows : 

Medium  sand .02     to  .01     inches,      .5   to  .25   miUimeter. 

Fine  sand 01     to  .004 

Very  fine  sand 004   to  .002 

8Ut 002   to  .0004 

Fine  silt 0004  to  .0002 

Clay  less  than .0002 

In  order  to  show  the  extreme  fineness  of  some  of  the 
smaller  particles,  Snyder  (Bulletin  41  Minn.  Exp.  Sta., 
page  59)  estimates  that  it  would  require  at  least  five 
thousand  clay  particles,  laid  side  by  side,  to  measure  an 
inch.  The  very  fine  sand,  silt  and  clay,  are  only  stones 
of  microscopic  size.  Much  depends  upon  the  form  of 
these  different  particles.  If  they  are  irregular  and  an- 
gular they  fit  together  more  closely  and  make  a  more 
compact  soil  than  when  they  are  in  the  form  of  small 
round  particles. 

Density  of  Soils. 

As  is  well  known  the  various  classes  of  soils  possess 
different  weights,  and  a  soil  in  good  tilth  weighs  less  per 
cubic  foot,  than  one  which  has  been  packed  by  tramp- 
ing, such  as  a  road,  or  a  well-pastured  field.  It  would 
be  interesting  to  discuss  here  the  distinction  between  the 


.25  to  .1 

.10  to  .05 
.05  to  .01 
.01  to  .005 
less  than  .005 
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apparent  and  real  specific  gravities  of  soils,  but  such  a 

discussion  would  come  more  properly  in  a  physical  study 

which  it  is  hoped  can  be  undertaken  at  a  later  day,  and 

we  have  not  space  for  it  at  this  time. 

Schubler  (Stockbridge  Rocks  and  Soils,  page  153) 

estimates  the  weights  per  cubic  foot  of  different  types  of 

soil  to  be  as  follows : 

Sand 1.10  pounds. 

Sandandclav 96 

Common  arable  soil 80  to  90 

Heavy  clay 75 

Vegetable  mold r. 78 

Peat : 30  to  50 

It  is  usually  the  case  that  the  specific  gravity  of  a 
soil  decreases  inversely  as  its  content  of  humus. 

Hnmas  and  Its  Influence  on  the  Fertility  of  tlie  Soil. 

It  is  impossible  to  assign  a  definite  formula  to  humus. 
It  is  a  combination  of  several  complicated  organic  conv 
pounds,  which  are  found  during  processes  of  decay.  It 
serves  our  purpose  to  regard  various  forms  of  humus 
bodies  as  "mixtures  of  many  substances,  mostly  of  acid 
nature,  undergoing  decomposition  under  conditions 
which  partially  exclude  free  access  of  oxygen."  Be- 
sides the  four  elements,  carbon,  hydrogen,  oxygen 
and  nitrogen,  which  are  the  chief  components  of  humus, 
it  also  contains  certain  quantities  of  sulphur,  phos- 
phorus, and  iron  in  organic  combination.  The  amount  of 
this  humus  present  in  soils  is  influenced  largely  by  the 
character  of  the  vegetation  growing  upon  the  latter  and 
the  method  of  cultivation  employed.  This  organic  matter 
(humus)  of  soils  is  of  great  importance  and  a  supply  of  it 
must  be  kept  up  because  it  takes  such  an  important  part 
ill  maintaining  fertility.  A  good  way  to  do  this  is  to 
practice  a  good  system  of  crop  rotation  and  employ  well 
prepared   farm   manures.      Where  it   is   convenient  to 
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employ  such  a  system,  the  necessity  for  purchasing  com- 
mercial fertilizers  will  be  greatly  relieved  and,  thus,  at 
least  a  large  portion  of  the  $36,000,000  that  are  now 
annually  expended  in  this  direction  by  the  farmers  of 
the  country  will  be  avoided.  It  sometimes  happens  that 
surface  soils  are  rich  in  phosphates  and  nitrogen,  while 
sub-soils  contain  larger  proportions  of  potash  and  lime 
than  of  other  constituents.  Under  such  conditions,  a 
good  system  of  crop  rotation  will  be  the  most  effective 
method  for  bringing  the  soil  and  the  sub-soil  into  a  con- 
dition of  equilibrium  by  uniformly  disseminating  the 
predominating  fertilizing  ingredients  of  each,  thereby 
placing  the  soil  in  a  desirable  state  for  cultivation. 
Something  more  concerning  crop  rotation  will  be  said  in 
a  subsequent  chapter. 

One  of  the  ever  present  and  most  substantial  com- 
ponents of  humus  is  nitrogen,  and  the  importance  of  this 
element,  as  a  plant-food,  has  been  frequently  mentioned 
in  these  pages.  It  is  an  important  constituent  of  all 
animal  fluids  and  tissues,  and,  in  the  vegetable  kingdom, 
it  is  known  to  enter  into  the  composition  of  all  plants. 
It  is  found  in  largest  proportions  in  the  leaves,  flowers 
and  seed  of  the  latter.  When  all  plants  are  deprived  of 
an  adequate  supply  of  nitrogen  they  exhibit  a  sickly 
yellowish  appearance  and  will  fail  to  produce  a  satisfac- 
tory yield  of  seed.  Now,  humus  is  known  to  be  one  of 
the  chief  sources  of  supply  of  nitrogen,  (since,  as  has 
been  stated,  this  element  invariably  enters  into  its  com- 
position), and  this  is  one  reason  why  this  material  is  so 
favorably  regarded  by  the  intelligent  agriculturist. 

A  careful  observation  of  the  sandy  soils  of  Florida 
during  the  last  five  years,  together  with  a  chemical  study 
of  them  as  revealed  herein,  makes  it  apparent  that,  in  a 
large  number  of  instances,  they  are  deficient  in  humus, 
and,  with  a  proper  supply  of  this  substance,  there  appears 
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to  be  no  doubt  that  very  often  their  productive  capacity 
can  be  largely  increased.  That  they  are  deficient  in 
humus  is  revealed  not  only  by  the  chemical  analysis, 
but  by  the  sickly  yellowish  (instead  of  dark  green) 
appearance  of  green  crops  growing  upon  them.  Other 
indications  of  an  insufficient  supply  are : 

(1)  The  ease  with  which  certain  leguminous  crops 
thrive  upon  them  because  of  their  ability,  indirectly,  to 
attract  nitrogen  from  the  air,  whilst  other  green  crops, 
not  being  able  thus  to  appropriate  nitrogen,  and  which 
are,  therefore,  dependent  chiefly  on  humus  for  their 
needed  supply  of  this  element,  fail  to  make  a  satisfactory 
growth. 

(2)  The  rapidity  with  which  they  part  with  water 
after  rains  and  irrigation.  Sufficient  stores  of  humus 
would  enable  them  to  retain  moisture  much  more  effectu- 
ally, and,  as  a  result,  crops  growing  upon  them  would 
be  less  likely  to  suffer  from  drouth. 

Our  present  knowledge  of  the  value  of  humus  as  a 
soil  renovator  and  the  experience  of  numerous  scientific 
investigators,  who  have  devoted  much  study  to  the  sub- 
ject, warrant  the  assertion  that  thin  sandy  soils,  contain- 
ing an  insufficient  supply  of  decomposing  organic  matter, 
can  be  very  greatly  improved  by  supplying  to  them  suf- 
ficient quantities  of  this  substance.  How  best  to  do  this, 
under  different  circumstances,  is  a  question  that  every 
farmer  must  settle  for  himself.  One  admirable  source  of 
supply  of  this  humus  to  the  soil  is  well-rotted  stable 
manure,  but,  unfortunately,  it  is  seldom  the  case  that 
this  substance  is  present  in  sufficient  quantities  on  a  farm 
to  supply  all  demands.  Where  it  occurs  in  sufficient 
quantities  to  do  this,  there  is  no  better  source,  either  of 
humus  or  phosphoric  acid,  potash  and  nitrogen.  But 
because  of  the  insufficiency  of  it,  it  nearly  always  becomes 
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necessary  for  the  farmer  to  resort  to  other  means  for  sup- 
plying the  needed  amount  of  humus,  and  it  is  now  known 
that  "green  manuring"  is  not  only  the  most  economical, 
but  the  most  eflPectual  method,  as  well,  for  accomplishing 
this  result.  By  "green  manuring"  is  meant  planting  cer- 
tain crops  upon  a  soil  and  subsequently  plowing  them 
under  for  the  purpose  of  improving  both  its  chemical  and 
mechanical  condition.  Any  vegetable  growth,  even  green, 
or  dry  stubble,  is  valuable  for  this  purpose,  but  accurate 
experiments  have  demonstrated  that  the  legumes  (beans, 
peas,  clover,  vetches,  lupines,  etc.,)  are  greatly  to  be  prefer- 
red for  supplying  soils  witji  the  needed  humus,  as  well  as 
nitrogen,  for  it  has  been  already  stated  that  this  family 
of  plants  have  the  ability  to  utilize  atmospheric  nitrogen 
during  growth  and  furnish  it  to  the  soil  when  they  die 
and  decay.  They  are  enabled  thus  to  employ  nitrogen 
through  -the  agency  of  certain  bacteria  that  live  and  die 
in  the  nodules  that  occur  on  the  roots  of  this  family  of 
plants.  These  bacteria  appropriate  the  free  atmospheric 
nitrogen,  and  it  is  eventually  transformed  into  plant- 
food.  Not  only  do  these  vegetable  fertilizers,  and  stable 
manure  as  well,  add  new  elements  of  fertility  to  the 
soil,  but  they  change  a  part  of  the  inert  phosphates, 
potash  and  lime  already  in  the  soil,  into  available  forms. 
Some  of  the  leguminosise  are  better  suited  to  particu- 
lar soils  than  others.  Some  will  grow  upon  soils  that 
others  will  not  thrive  upon.  Some  thrive  best  under  one 
climatic  condition  and  some  another.  Here  in  Florida, 
the  aim  of  the  Station  authorities  has  been  to  ascertain, 
by  means  of  practical  tests,  the  particular  varieties  that 
succeed  best  in  our  sandy  soils  and  peculiar  climate.  Of 
course,  as  is  well  known,  varieties  of  the  common  field- 
pea  are  usually  well  adapted  to  our  conditions,  but,  in 
many  localities,  even  this  plant  has  not  done  as  well  as 
was  hoped  for.     There  are  certain  sections  in  which  it 
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does  not  flourish  and  where  other  legumes  have  given 
better  results.  Two,  at  least,  are  deserving  of  mention  in 
this  connection,  and  brief  reference  will  now  be  made  to 
them. 

The  BeinSAr  Weed  (Oesmodium  mo//e)  88  a 

Soil  KenoYator. 

Florida  clover,  or  beggar  weed,  has  proven  itself  to 
be  admirably  adapted  to  the  sandy  soils  of  this  State. 
Not  only  does  it  gather  nitrogen  fr^  m  the  air  and  enrich 
the  soils  with  it,  but,  by  means  of  its  long  roots,  it  pene- 
trates soils,  to  considerable  depths,  in  search  of  food  and 
brings  it  nearer  the  surface,  where  it  is  placed  in  reach  of 
all  cultivated  crops  of  ordinary  habits  or  growth.  Flori- 
da clover  grows  in  various  portions  of  the  State  and  ana- 
lyses, in  this  laboratory,  have  shown  it  to  possess  exceed- 
ingly high  feeding  value.  It  appears  to  be  equal  to  the 
best  meadow  hay  in  this  respect  and  all  stock  consume  it 
with  great  relish.  Here,  in  Florida,  it  is  already  highly 
prized  by  some  for  planting  upon  worn  sandy  soils,  to 
improve  their  mechanical  condition,  and  the  great  merit 
it  possesses  for  this  purpose,  and  its  high  feeding 
value,  are  sure  to  bring  it,  eventually,  into  more  gen- 
eral use.  It  is  a  wild,  rank  grower  in  many  sections, 
and  can  be  made  to  flourish  without  efibrt,  anywhere, 
and  will  produce  several  crops  of  forage  in  the 
course  of  a  single  season.  It  cannot  be  too  highly  com- 
mended as  a  renovating  agent  on  the  worn  sandy  soils  of 
this  State. 

The  YelTet  Bean  {Ooiichos  muiHfiorus.), 

Another  legume  that  has  lately  come  into  prominence 
and  that  promises  to  be  a  valuable  agent  in  reclaiming 
the  worn  soils  of  Florida,  and  also  a  most  excellent  food 
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for  stock,  is  the  velvet  bean.  During  the  past  two  years, 
the  Station  here  has  been  conducting  experiments  with 
this  plant  and  the  results  have  been  very  promising. 

It  is  now  known  that  the  plant  will  grow  luxuriantly 
all  over  the  State  and  stock  of  all  kinds  are  exceedingly 
fond  of  it.  The  practical  results  in  feeding  it  have  been 
all  that  could  be  desired,  and  the  limited  study  that  we 
have  been  able  to  give  to  it  in  this  laboratory  has  indi- 
cated that  it  is  folly  up  to  the  best  of  the  legumes  in 
feeding  value. 

In  the  near  future,  it  is  proposed  to  make  a  complete 
chemical  study  of  this  plant  in  different  stages  of  growth 
and  publish  the  information  for  the  benefit  of  the  farm- 
ers. There  is  scarcely  a  doubt  that  it  will  yet  play  an 
important  part,  not  only  in  solving  the  forage  problem 
in  Florida,  but  in  improving  both  the  mechanical  condi- 
tion and  productive  capacity  of  our  thin,  sandy  lands,  by 
increasing  their  stores  of  both  nitrogen  and  humus  and 
exerting  various  other  beneficial  effects. 

The  limit  of  this  bulletin  forbids  a  more  extended 
discussion  of  the  beneficial  effects  of  humus,  but,  briefly, 
the  more  important  are: 

(1)  It  renders  sandy  soils  more  compact  and  reten- 
tive of  moisture,  and  clay  soils  more  porous,  thus  insur- 
ing better  drainage  of  the  latter,  and  it  also  increases  the 
capacity  of  soils  for  absorbing  the  sun's  rays. 

(2)  It  prevents  over-heating  of  soils  and  contributes 
to  a  uniformity  of  temperature  during  summer  and 
winter. 

(3)  It  enables  all  soils  better  to  withstand  drouth  by 
retaining  in  them  large  quantities  of  moisture.  Its 
action  on  sandy  soils  in  this  respect,  appears  to  be  simi- 
lar to  the  action  of  fine  clay  in  stiff  soils.  In  illustration 
of  this,  an  instance  in  point  is  as  follows :  In  bulletin 
No.  41,  of  the  Minnesota  Experiment  Station,  is  given  the 
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result  of  an  experiment  to  ascertain  the  value  of  humus 
as  a  retainer  of  moisture.  Two  soils  (new  and  old)  were 
selected  from  near  Crookston,  in  the  Red  River  valley, 
for  conducting  the  experiment,  and  the  following  were 
the  results  obtained  by  Professor  Snyder,  who  had  charge 
of  the  work : 

NEW  SOIL.  OLD  SOIL. 

CULTIVATED  TWO  YEAB8.  CULTIVATED  TWENTY-ONE  YEABS. 

Hoxnns,  3.75  per  cent.  Hnmiis,  2.60  per  cent. 

Water,  16.48  per  cent  Water,  12.14  per  cent 

It  will  be  noted  that  there  is  a  difference  of  4.34  per 
cent,  of  water  in  the  above  example,  in  favor  of  the  soil 
with  the  larger  amount  of  humus,  and  this  is  equivalent 
to  three  pints  of  water  to  a  cubic  foot  of  soil,  quite  a  large 
quantity. 

(4)  By  converting  the  inert  phosphoric  acid,  potash 
and  lime  of  the  soil  into  soluble  humates,  etc.,  humus 
renders  a  large  proportion  of  each  of  these  constituents 
available,  and  thus  materially  increases  the  quantity  of 
of  assimilable  plant-food  in  soils. 

(5.)  Nitrogen,  being  a  constituent  of  humus,  a  large 
quantity  of  this  element  is  contributed  to  soils  through 
its  agency. 

(6.)  Fallowing  materially  increases  the  supply  of 
humus,  and  consequently  of  available  plant-food,  in  a 
soil,  but  at  the  expense  of  a  considerable  loss  of  the  lat- 
ter. When  this  method  of  increasing  the  store  of  humus 
is  resorted  to,  it  is  usually  the  case  that  the  inert  plant- 
food  of  the  fallowed  land  is  rendered  available  more  rap- 
idly than  it  can  be  appropriated  by  subsequent  crops, 
and  thus  a  great  deal  of  it  leaches  out  and  is  wasted.  It 
will  depend  upon  circumstances,  and  must  be  settled  by 
every  farmer  for  himself,  whether  it  is  desirable  to  adopt 
this  method  for  increasing  the  supply  of  humus  in  his 
soil. 
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Nltrifleatlon  and  Rotation  of  Crops. 

The  term  '^  nitrification  "  hcts  reference  to  that  pro- 
cess occurring  in  the  soil,  whereby  its  inert  or  unavail- 
able organic  nitrogen  is  converted  into  soluble  nitrates 
and  ammonia  salts.  These  changes  must  always  occur 
before  soil  nitrogen  can  be  assimilated.  The  conditions 
which  influence  favorably  this  nitrification  are  as  follows : 

(1)  Porosity^  which  facilitates  the  circulation  of  air 

through  the  soil^  and  this,  of  course,  insures 
the  presence,  of  oxygen,  one  of  the  essentials 
to  nitrification. 

(2)  Moistv/re,  but  either  an  excess  or  great  deficiency 

must  be  avoided,  for  both  conditions  greatly 
retard  the  nitrifying  process. 

(3)  Temperaiure.    This,  too,  is  a  matter  of  great  con- 

sequence.   The  preferable  temperature  is  about 
36.6*^  C  or  98^  F.    The  nitrification  may  pro- 
ceedin   a   measure, .  however,  within   limits 
ranging  from    4.4°  C   (40°  F)  to  54.4°   C 
(130°  F), 
Under  proper  management,  all  soils  may  be  brought 
into  conditions  favorable  for  nitrification.  Where  the  pro- 
cess is  interfered  with,  or  the  conditions  are  unfavorable, 
all  farming  operations  should  be  conducted  with  a  view  to 
remedying  all  retarding  influences. 

Referring  to  the  principles  to  be  observed  in  prac- 
ticing crop  rotation,  Dr.  Oemler,  in  his  "  Truck  Farming 
at  the  South,"  has  this  to  say : 

"  Neither  the  areas  nor  the  varieties  of  crops  of  the  truck 
fiurmer  are  sufficient  to  enable  him  always  to  practice  regular 
coones  of  rotation ;  nor  should  a  lack  of  manure  ever  compel 
tiieir  strict  observance,  but  he  should  aim : 

"  First — ^To  have  a  crop  which  succeeds  another  as  dissimi- 
lar in  composition  and  the  demand  it  makes  upon  the  soil  as 
possible. 
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''  Second — ^Never  to  have  plants  of  the  same  family  succeed 
each  other.  For  instance,  melons  should  not  follow  cucumbers, 
tomatoes  should  not  follow  eggplants  or  Irish  potatoes ;  beans 
should  not  succeed  peas,  or  vice  versa. 

^*  Third — ^Tuberous  plants  should  not  be  allowed  to  follow 
plants  of  the  same  character. 

''Fourth — Roots  should  not  succeed  root  crops,  as  turnips, 
beets,  eto. 

"  Fifth — Deep  or  tap-rooted  plants  should  succeed  others  of 
dissimilar  growth. 

''Sixth — ^To  make  the  heaviest  application  of  manure  to 
such  crops  as  require  most,  as  cabbage,  onions,  eto.,  and  have 
other  crops  succeed  these  requiring  less,  as  tomatoes,  egg-plant, 
etc.,  so  that  the  whole  farm  may  be  gradually  brought  to  the 
same  degree  of  fertility." 

Other  benefits  of  rotation  are  the  destruction  of  noxious 
weeds  and  parasitic  fungi  and  insects. 

Writing  upon  the  subject  of  rotation  in  gardening, 
Newman  (Bulletin  No.  44  Ark.  Exp.  Station)  has  this  to 
say: 

Rotation  should  be  practiced  with  system  in  every  garden ; 
not  alone  for  the  soil's  recuperation,  but  also  to  lessen  the  attacks 
of  insects  and  fungoug  diseases. 

The  various  vegetables,  whether  grown  for  market  or  home 
use,  occupy  the  soil  different  lengths  of  time,  making  it  possible 
to  produce  half  a  dozen  or  more  crops  on  the  same  plot  of  soil 
within  the  epace  of  twelve  months.  As  an  illustration  of  this  rapid 
rotation,  the  following  schedule  gives  the  crops*  grown  at  the 
Southern  Branch  Station  in  1894  on  a  plot  of  ground  10x45 
feet :  (1)  Radishes  were  planted  in  the  early  spring  in  rows  2 
feet  apart;  later,  (2)  lettuce  was  transplanted  into  rows  marked  off 
between  the  radishes;  the  radishes  came  off  in  six  weeks,  and  their 
rows  were  prepared  and  planted  in  (3)  snap  beans ;  every  other 
row  of  lettuce  was  planted  in  (4)  corn  when  the  lettuce  was  cut ;. 
the  beans  were  followed  by  (5)  lettuce,  and  the  com  and  lettuce 
by  (6)  onions  and  (7)  radishes.  In  1885  another  plot,  15x45 
feet,  was  occupied  by  (1)  onions  in  January  and  part  of  Febru* 
ary.    The  onions  were  used  for  bunching,  and  the  plot  planted 
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in  (2)  Irish  potatoes  on  the  25th  of  February.  Early  in  March, 
(3)  English  peas  and  (4)  corn  were  planted  in  every  alternate 
potato  middle.  (5)  Beans  were  planted  in  corn  rows  late  in 
April — two  hills  of  beans  between  each  hill  of  corn.  In  the 
latter  part  of  June,  the  corn  and  beans  were  followed  by  (6)  cow- 
peas,  broadcast.  (7)  Spinach  was  planted  early  in  October  afler 
the  peas,  and  (8)  radishes  and  (9)  lettuce  alternated  in  the 
spinach  middles.  This  rapid  change  of  crops  will,  to  some  ex- 
tent, have  a  tendency  to  decrease  the  attacks  of  both  fungi  and 
insects,  if  only  such  plants  are  used  as  are  not  of  close  |Botanic 
relation.  The  majority  of  the  plants  will  have  been  removed 
before  the  insects  or  fungi  attacking  them  have  reached  the 
degree  of  development  necessary  for  propagation. 

When  a  plant  ceases  to  fruit  or  there  is  no  further  use  for 
it,  it  should  be  at  once  removed,  if  diseased,  and  destroyed.  The 
plot  should  then  be  manured,  prepared  and  planted  again.  No 
garden  spot  should  remain  idle.  If  there  is  no  particular  use  to 
which  it  can  be  put  afler  the  removal  of  a  crop,  nothing  is  better 
than  planting  in  cowpeas  if  vacant  in  spring  or  summer,  and  rye 
or  crimson  clover  in  fall.  The  rye  and  clover  plowed  under 
green  will,  enrich  the  soil  after  affording  winter  protection.  No 
matter  in  how  quick  succession  one  crop  follows  another,  the 
soil,  as  a  rule,  should  be  manured  before  each  planting,  using 
fermented  and  well  decomposed  manures.  Fresh  or  unfermented 
manures  often  act  disastrously  to  growing  crops.  No  manure  is 
better  than  well  rotted  stable  manure,  and  results  from  it  fre- 
quently are  better  the  second  than  the  first  year.  Its  bulk  mate- 
rially affects  the  physical  properties  of  the  soil,  and  the  quality 
of  many  vegetables  is  dependent  more  upon  the  physical  condi- 
tion of  the  soil  in  which  they  are  grown  than  upon  its  fertility. 

Some  Points  on  Irrigation  and  Drainage. 

The  questions  of  irrigation  and  drainage  are  demand- 
ing more  and  more  every  year  the  attention  of  eastern 
and  eoathern  tmckere  and  fruit  growers.  Under  mauy^ 
circumstances  the  economy  of  both  can  be  no  longer  ques- 
tioned and  the  pecuniary  benefits  to  be  derived  from  their 
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practice  in  all  cases  where  drouths  or  excess  of  water  are 
likely  is  no  longer  a  matter  of  conjecture.  In  this 
<;onnnection,  the  following  comments,  taken  from  Far- 
mers Bulletin  No.  66,  of  the  United  States  Department  of 
Agricultui*e,  upon  certain  experiments  conducted  by  King, 
(Wisconsin  Station)  and  Raine,  (New  Hampshire  Station) 
are  very  interesting  and  possess  much  practical  value. 
Says  the  aforesaid  bulletin : 

"  Elng  has  found  that  even  in  favorable  seasons  in  Wisconsin, 
which  is  in  the  so-called  humid  region,  the  rainfall  does  not  sup- 
ply sufficient  moisture  to  produce  maximum  crops.  During  the 
season  of  1896,  in  which  the  rainfall  was  normal  in  that  State,  a 
variety  of  crops  was  irrigated  with  profit,  notwithstanding  the 
fact  that  the  irrigation  plant  .employed  was  not  used  to  its  full 
capacity  and  thus  the  cost  of  irrigating  was  higher  than  it  need 
be.  The  profit  from  irrigation  was  on  com,  $2.16  per  acre; 
potatoes,  $11.70 ;  clover  hay  (irrigating  second  crop  only,)  $1.72 ; 
cabbages,  planted  thin,  $2.43,  planted  thick,  $29.  ''  The  great 
lesson,"  says  King,  "  to  be  learned  from  these  results  is  that  we 
must  have  an  abundance  of  water  in  order  that  our  crops  may 
avail  themselves  of  the  plant  food  stored  in  our  soils,  not  that 
water  is  everything,  but  the  fertility  of  the  soil  counts  for  naught 
without  it" 

The  above  statements  give  us  some  idea  of  the  great  and 
increasing  importance  of  irrigation  to  the  American  farmer. 
Recent  investigations  on  this  important  subject  have  given  some 
results  of  considerable  practical  value,  and  it  is  the  purpose  of 
this  article  to  briefly  summarize  these  results. 

The  greatest  profit  is  derived  from  irrigation  where  inten- 
sive farming  is  practiced,  In  fact,  the  practice  of  irrigation 
naturally  leads  to  intensive  farming.  In  such  farming  the  aim 
should  be  to  economize  all  the  elements  of  fertility,  to  utilize 
water,  fertilizer,  labor,  etc ,  to  the  best  possible  advantage.  If 
fertilizers  are  used  they  will  give  the  best  returns  if  kept  in  the 
upper  layers  of  the  soil,  where  they  can  be  fully  utilized  by  the 
plant.  If  irrigation  is  practiced,  also,  the  amount  of  water 
applied  should  not  be  excessive,  otherwise  the  fertilizing  mate- 
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rials  are  either  washed  into  the  lower  layers  of  the  soil  where 
they  cannot  be  utilized  by  the  plant,  or  are  entirely  removed  in 
the  drainage.  It  thus  keeps  the  valuable  fertilizing  constituents 
of  the  soil  within  easy  reach  of  the  crop.  On  "alkali''  soils, 
however,  under  the  above  conditions  the  corrosive  poisonous  alka- 
line salts  would  accumulate  at  the  surface  to  the  destruction  or 
great  injury  of  the  crop. 

Methods  of  applying  irrigation  water,  especially  surface  irri- 
gation and  subirrigation,  have  been  tested  by  a  number  of  the 
experiment  stations  in  both  arid  and  humid  regions.  The  results 
have  generally  been  unfavorable  to  subirrigation.  The  laying 
of  the  underground  pipes  necessary  in  this  system  is  of  course 
expensive,  and,  moreover,  it  is  difficult,  if  not  impossible,  in  sub- 
irrigation  to  obtain  a  unitbrm  distribution  of  the  water  through- 
out the  soil  on  account  of  the  fact  that  while  water  moves  up 
and  down  in  the  soil  with  comparative  rapidity  it  moves  from 
side  to  side  very  slowly.  The  irrigation  pipes  being  out  of  sight 
it  is  impossible  to  note  the  movement  of  the  water  with  accuracy. 
The  soil  immediately  surrounding  the  pipes  may  become  exces- 
sively wet,  while  a  large  proportion  of  the  soil  between  the  pipes 
is  insufficiently  irrigated.  Moreover,  a  considerable  amount  of 
the  water  may  pass  down  into  the  lower  layers  of  the  soil  with- 
out being  of  the  slightest  benefit  to  the  crop.  King  found  that 
a  given  amount  of  water  was  much  more  effective  in  increasing 
the  yield  of  corn  when  applied  by  surface  irrigation  than  when 
applied  by  subirrigation. 

Raine,  of  the  New  Hampshire  Experiment  Station,  in  experi- 
ments with  celery  on  clay  loam  soil  "  with  water  applied  both 
through  ditches  for  surface  irrigation  and  through  tiles  below 
the  reach  of  the  plow  for  subirrigation  "  found  that  ''  the  latter 
system  required  much  more  water  than  the  former  for  the  same 
results." 

[A  method  of  tile  irrigation  which  he  has  found  to  possess 
decided  advantages  over  ordinary  sabirrigation]  was  to  place 
common  porons  2i-inch  drain  tiles  in  a  continuous  row,  end  to 
end,  on  the  snrfiAce  of  the  soil,  vegetables  being  planted  on  either 
or  both  sides  of  the  line.  The  tiles  were  1  foot  long,  and  by 
pouring  in  the  water  at  one  end  of  the  line  it  was  distributed  at 
the  joints  throoghont  the  length  desired  when  the  opposite  end 
was  stopped  up.    Take  celery  as  an  example  crop  for  irrigation 
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young  we  have  simple  sorfiice  irrigation ;  but  as  the  crop  grows 
we  bank  it  up,  and  finally  have  the  tiles  covered,  and  thus  have 
subirrigation.  The  tiles  are  cheap  and  last  indefinitely.  When 
the  celery  is  harvested,  the  tiles  are  dug  out  also  and  piled  up  or 
used  for  subirrigation  in  the  greenhouse  beds.  Potatoes  and 
various  other  crops  can  be  grown  in  the  same  way.  The  celery 
watered  this  year  grew  well  and  did  not  rust.  Besides  this,  we 
were  able  to  water  twenty  times  as  much  space  in  the  same  time 
as  in  the  ordinary  way  with  ditches.  Besides  saving  time,  this 
plan  delivers  water  where  it  is  most  needed,  and  we  have  reason 
to  believe  is  ftilly  as  economical  with  water  as  with  time. 

Experiments  during  two  seasons  have  shown  that  with  this 
method  *'  the  plants  did  fully  as  well  as  in  the  other  systems  and 
with  less  water." 

Where  irrigating  is  to  be  done  on  a  large  scale,  it  seems  to 
be  the  consensus  of  opinion  that  surface  irrigation  by  means  of 
furrows  is  undoubtedly  the  most  practical  method.  In  green- 
houses and  gardens  subirrigation  by  means  of  tiles  may  often  be 
found  advisable.  Furthermore,  many  soils  need  drainage  and 
require  the  laying  of  tile.  On  such  soil  it  may  be  possible  to 
combine  drainage  and  subirrigation  economically,  and  the  Wis- 
consin Experiment  Station  is  at  present  studying  this  subject 

Effects  of  SnbsolUiiK. 

Upon  the  question  of  subsoiling,  the  same  bulletin 

has  this  to  say : 

"  A  question  of  the  greatest  importance  in  re^ons  of  deficient 
rainfall  or  where  irrigation  is  practiced  is  the  storage  capacity  of 
the  soil  for  water.  When  the  soil  is  thoroughly  loosened  up,  the 
amount  of  water  which  it  will  hold  is  greatly  increased,  and  the 
rise  of  water  to  the  surface  and  evaporation  are  checked.  Experi- 
ments at  the  Wisconsin  and  Nebraska  Experiment  Stations  have 
shown  the  beneficial  effects  in  these  respects  of  subsoiling.  On 
this  point  the  Nebraska  station  makes  the  following  suggestions  : 

Subsoil  plowing,  although  a  means  of  conserving  moisture, 
does  not  produce  it,  and  is,  therefore,  not  a  substitute  for  irriga- 
tion where  the  rainfall  is  too  small  to  produce  crops. 

Where  there  is  a  bard,  dry  subsoil,  subsoil  plowing  is  to  be 
recommended. 


645 

Where  the  sabsoil  is  loose,  gravelly,  or  sandy,  sabsoiling  is 
probably  mmeoessary,  or  may  even  be  iiijarions. 

Do  not  sabsoil  when  the  soil  is  very  wet,  either  above  or 
beneath^  as  there  is  great  danger  of  paddling  the  soil,  thas  leaving 
it  in  worse  condition  than  before.  This  is  one  of  the  reasons  why 
it  is  better  to  sabsoil  in  the  fall  than  in  the  sprbig. 

If  the  groond  be  sabsoiled  in  the  fall,  the  winter  and  spring 
rains  have  ample  opportanity  to  soak  in,  tiiat  being  the  season  of 
greatest  rainlMl  and  least  evaporation.  (In  the  Florida  penin- 
sola  the  "  rainy  season  "  occars,  of  coarse,  daring  the  sommer 
montha) 

Sabsoiling  in  the  spring  may  be  a  positive  detriment  if  the 
sabsoil  be  extremely  dry,  as  in  that  case  the,  rain  water  is  par- 
tially removed  from  the  yoang  plant  by  the  absorption  of  the 
bottom  soiL  If  the  spring  rains  were  heavy,  this  woald  not  be  a 
disadvantage. 

It  is  probable  that  the  increased  yields  on  subsoiled  lands 
are  mainly,  if  not  entirely,  due  to  the  increased  amount  of  water 
which  such  land  is  able  to  store  up  for  the  use  of  the  crop.  Sub- 
soil plowing  may  thus  be  made  the  means  of  greatly  extending 
the  .area  over  which  crops  may  be  successfully  grown  without 
irrigation,  and  when  practiced  in  connection  with  irrigation  may 
result  in  a  great  saving  of  irrigation  water.  As  indicated  above, 
however,  before  deciding  upon  the  advisability  of  subsoiling  it  is 
necessary  to  ascertain,  among  other  things,  the  nature  and  con- 
dition of  the  soil  and  subsoil" 

Interpretation  of  Analyses. 

In  order  that  the  analyses  given  in  these  pages  may 
be  of  practical  benefit  to  the  farmers  it  is  not  enough  sim- 
ply to  publish  pages  of  tables  which,  to  the  uneducated, 
will  convey  no  meaning.  It  is  important  that  informa- 
tion be  given  that  will  enable  all  to  derive  benefit  from  a 
careful  study  of  such  tables.  Columns  of  figures  set  oppo- 
site ^  meaningless  names  "  are  of  no  practical  value  to 
the  uneducated. 

The  tables  of  analyses  herein  express  the  percentage 
composition  of  the  various  soils.  That  is,  they  tell 
how  many  pounds  of   the    various    soil    constituents 
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are  present  in  each  hundred  pounds  of  the  sample 
of  air-dried  soil  taken  for  analysis.  For  example, 
suppose  that  in  reporting  the  proportion  of  insol- 
uble residue  present  in  a  soil  sample  the  figures 
96.8450  are  employed:  This  simply  means  that 
in  each  hundred  pounds  of  the  soil  (air-dried)  there 
are  present  ninety-five  (and  the  fraction  given)  pounds  of 
this  insoluble  residue,  consisting  of  sand,  insoluble  sili- 
cates, etc.  It  will  also  be  noticed  that  in  the  printed 
tables  the  figures  are  carried  out  to  the  fourth  decimal 
place.  There  were  two  reasons  for  so  doing.  One  was 
that  some  of  the  soil  constituents  occurred  in  such  small 
proportions  that  if  only  two  decimals  had  been  employed 
it  frequently  would  have  happened  that  a  soil  would 
fail  to  show  any  quantity  of  a  particular  element  pres- 
ent when,  as  a  matter  of  fact,  several  hundred  pounds 
of  that  element  may  have  occurred  in  each  acre  of  that 
soil  from  the  surface  to  a  depth  of  one  foot.  Another  rea- 
son was,  the  employment  of  four  decimals  enables  the 
figures  to  be  converted  into  a  meaning  which  an  ordinary 
reader,  unfamiliar  with  chemical  tables,  can  readily  inter- 
pret. If  the  decimal  point  is  removed,  each  number 
given  represents  so  many  pounds  in  a  million  (or  five 
hundred  tons).  Then  if  Prof.  Johnson's  estimate  of  four 
million  pounds  (two  thousand  tons)  be  approximately  the 
weight  of  the  soil  on  one  acre  to  the  depth  of  one  foot,  it 
is  easy  to  ascertain  the  amount,  in  pounds,  of  any  soil 
constituent  in  a  similar  area. 

Suppose,  for  instance,  that  the  figures  .0583  are 
employed  in  reporting  the  quantity  of  potash  occurring 
in  a  soil :  This  simply  means  that  there  are  present  583 
pounds  of  potash  in  each  million  pounds  of  soil,  and 
then,  since  according  to  Johnson,  the  average  weight  of 
a  soil  to  the  depth  of  one  foot  on  an  acre,  is  four  million 
pounds,  and  since  there  were  present  about  583  pounds 
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of  potash  in  each  million  pounds,  then  one  acre  (four 
million  pounds)  would  contain  2,332  pounds  of  this  ma- 
terial. The  same  calculation  will  apply  to  every  other 
constituent  in  the  analysis  which  are  reported  in  four 
decimals.  A  more  approximate  estimate  of  the  quantity 
of  the  several  constituents  present  in  the  sandy  soils 
reported  herein,  can  be  had  by  employing  the  figures  of 
Stockbridge  reported  in  a  previous  table  and  applying 
especially  to  sandy  soils.  Those  emplyed  above  were 
average  figures  for  different  soil  types,  According  to 
Stockbridge,  the  approximate  weight  of  a  cubic  foot  of 
sandy  soil  is  110  pounds.  Then,  a  similar  calculation  to 
the  one  above  will  show  that  an  acre  of  such  soil  to  a 
depth  of  one  foot  will  weigh  4,791,600  pounds  (instead  of 
4,000^000  pounds),  and  the  quantity  of  the  several  soil 
constituents  will  increase  proportionately.  It  should  not 
be  forgotten,  however,  that  far  the  greater  proportion  of 
this  potash,  etc.,  is  in  an  unavailable  form  and  is  likely  to 
remain  so  for  an  indefinite  period.  At  present,  there  is  no 
method  by  which  the  chemist  can,  in  his  laboratory,  ascer- 
tain with  precision,  the  amount  of  the  several  elements  that 
plants  can  employ,  but  it  is  known  that  only  in  the  case 
of  virgin  soils,  in  this  State,  is  it  ever  safe  to  rely  on 
them,  without  administering  to  them  fertilizer  treatment. 
And  it  is  not  always  the  case  that  even  the  virgin  soils 
are  naturally  productive,  as  will  be  indicated  in  the  sub- 
sequent analyses.  It  will  be  noticed  that  in  all  tables 
the  soil  elements  are  reported  in  the  form  of  ''  oxids." 
This  method  of  reporting  analyses  is  universally  em- 
ployed because  of  its  convenience  in  affording  a  simple 
and  uniform  method  for  recording  analytical  results. 
Soil  constituents  do  not  actually  exist  in  the  soil  as 
"  ozids,''  because  of  their  active  chemical  behavior  toward 
one  another.  All  metalic  ozids  invariably  combine  with 
the  soil  adds  to  form  chemical  salts.    Thus  calcium  oxid 
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and  sulphuric  acid  form  calcium  sulphate,  aud  the  same 
oxid  with  carbon  dioxid  to  form  calcium  carbonate,  etc. 
There  are  two  points  in  connection  with  the  estima- 
tion of  the  mineral  matter  in  soils  that  the  chemist  must 
keep  in  view.  First,  he  must  ascertain  the  total  quan- 
tity of  such  matter  in  the  soil,  and  second,  he  must  de- 
termine the  proportion  of  mineral  constituents  that  are 
more  easily  brought  into  solution,  and  hence  are  in  con- 
dition to  be  appropriated  in  the  growth  of  plants.  A 
large  proportion  of  the  potash,  soda,  etc.,  of  soils  is  in 
the  form  of  complex  silicates,  formed  by  the  union  of 
these  elements  with  sand,  and  plant -food  in  this  form  is 
of  no  value  to  the  agriculturist.  It  is  generally  custom- 
ary to  divide  the  plant-food  and  silicates  of  the  soil  into 
three  classes. 

(1)  Those  silicates  which  exist  in  such  a  state  as  to 
require  the  combined  action  of  strong  chemicsds  and  high 
heat  to  decompose  them.  This  class  possesses  at  least  no 
immediate  value  to  the  farmer,  since  it  will  require  a 
number  of  years  for  the  various  disintegrating  natural 
forces  to  liberate  any  appreciable  quantity  of  plant  food 
from  them. 

(2)  This  class  comprises  what  are  known  as  the 
zeolitic  silicates.  In  this  division  the  plant  food  is  in  a 
more  soluble  form,  and  is  dissolved  by  the  chemist  in  a 
hot  22.9  per  cent  hydrochloric  acid  solution  (sp.  gr.  1. 
116).  It  is  believed  that  hydrochloric  acid  of  this 
strength  represents  the  limit  of  the  solvent  action  of  the 
various  organic  acids  of  plant  roots,  etc.,  and  hence,  in- 
cludes all  material  that  can  possibly  be  available  to 
growing  crops.  The  solvents  that  act  upon  soils  while 
crops  are  growing  are  the  acid  sap  of  plant  roots  and  the 
dissolved  mineral  and  organic  salts.  In  some  plants  one 
acid  will  predominate  and  in  some  another.  Thus,  in 
lemons  citric  acid  is  present,  in  apples  malic  acid  is 
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founds  and  in  grapes  tartaric  acid  predominates.  Fre- 
quently the  sap  of  one  plant  will  contain  several  adds. 
Now>  since  the  several  organic  adds  possess  varying  solv- 
ent powers  it  follows  that  plants  containing  different 
adds  will  possess  different  capadties  for  deriving  their 
food  from  soils. 

Various  organic  adds  of  different  strengths  have  been 
tried  in  the  laboratory  with  a  view  to  approximating  the 
total  solvent  action  of  plants  on  the  soil,  among  them, 
dtric,  tartaric  and  oxalic  adds,  but  nearly  all  practical 
experiments  have  served  to  prove  that  hydrochloric  acid 
of  the  above  strength  more  accurately  approximates  re- 
sults obtained  from  practical  experiments  than  all  others, 
and  hence,  it  is  more  universally  employed  as  the  solvent 
for  available  plant  food.  It  is  the  soil  solution  of  this 
add  that  is  employed  in  all  analyses  given  in  this  bul- 
letin. 

(3)  This  class  comprises  all  silicates  and  other  com- 
pounds of  potash,  soda,  lime,  magnesia,  phosphorus,,  etc., 
which  are  easily  soluble  in  the  soil  water  and  weak  (di- 
lute) organic  acids.  In  this  division  is  included  the 
most  available,  and  hence,  the  most  valuable  of  the  Eoil 
ingredients,  but,  unfortunately,  plant  food  in  this  form 
occurs  only  in  very  small  amounts.  Rarely  is  it  the  case 
that  more  than  a  few  hundredths  of  a  pound  of  a  plant 
food  occur  in  this  form  in  a  hundred  pounds  of  soils. 

It  is  impossible  to  fix  an  arbitrary  standard  by  which 
the  chemist  can  adjudge  precisely  concerning  the  fertility 
of  soils.  In  would  be  a  risky  thing  for  him  to  do  to  as- 
sert positively  that  a  soil  must  analyze  a  certain  definite 
quantity  of  each  soil  constituent  in  order  to  be  productive 
through  one  or  several  seasons.  As  has  been  stated,  in 
our  present  state  of  chemical  knowledge  he  can  only  pre- 
dict with  a  moderate  degree  of  positi  veness  because  of  his 
inabilify  to  ascertain  the  exact  amount  of  any  soil  ele- 


650 

ment  that  is  present  in  an  available  form.  It  is  gener- 
ally true,  however,  that  if  a  soil  shows  a  high  percentage 
of  all  plant  food  constituents  it  will  prove  productive^  but 
on  the  other  hand,  it  is  not  true  that  every  soil  which 
shows  a  low  percentage  of  plant  food  is  unproductive. 
Here  in  Florida  there  are  many  soils  that  are  apparently 
very  deficient  in  certain  plant  food  elements,  when  com- 
pared with  the  soils  of  other  States,  and  yet  the  yields 
obtained  from  them  are  entirely  satisfactory.  These  soils 
may  continue  to  produce  good  yields  for  a  few  years,  but 
there  is  iave  to  come  a  time  when  they  will  fail  to  do  so, 
and  then  will  it  be  necessary  to  fertilize  them  before  they 
can  be  made  to  produce.  Where  there  is  present  only  a 
limited  amount  of  plant  food  at  the  most,  it  is  not  likely 
that  any  great  proportion  of  it  exists  in  a  form  that  will 
permit  of  plants  employing  it  in  growth,  and,  even  in  the 
case  of  virgin  soils,  it  cannot  be  expected  that  they 
will  last  longer  than  a  few  years  in  any  event 

Prof.  Hilgard,  probably  the  most  eminent  authority 
on  the  Chemistry  of  soils,  has  this  to  say  in  reference  to 
the  quantity  of  soil  elements  that  should  be  present  be- 
fore a  soil  can  be  regarded  as  possessing  lasting  fer- 
tilitv. 

'The  lime  percentage  should  not  fall  below  0.1  per  cent,  in 
the  lightest  sandy  soils;  in  clay  loams  not  below  0.25  per  cent., 
and  in  heavy  clay  soils  not  below  0.5  per  cent ;  and  it  may  ad- 
vantageously rise  to  1  and  even  2  per  cent,  as  a  maximum.  Be- 
yond the  latter  figure  it  seems  in  no  case  to  act  more  favorably 
than  a  less  amount,  unless  it  be  mechanically. 

^'The  percentage  of  phosphoric  aeid  is  that  which,  in  connec- 
tion with  the  lime,  seems  to  govern  most  commonly  the  produc- 
tiveness of  our  virgin  soils.  In  any  of  these,  less  than  .05  must 
be  regarded  as  a  serious  deficiency,  unless  accompanied  by  a 
large  amount  of  lime.  In  sandy  loams,  0.1  per  cent.,  when  ac- 
companied by  a  fair  supply  of  lime,  secures  fair  productiveness 
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for  from  eight  to  fifteen  years;  with  a  deficieDcy  of  lime,  twice 
that  percentage  would  only  serve  for  a  similar  time. 

''The  potash  percentages  of  soils  seem,  in  a  large  number  of 
cases,  to  vary  with  that  of  'clay;'  that  is,  in  clay  soils  they  are 
usually  high,  in  sandy  soils  low;  and  since  subsoils  are  in  all  ord- 
inary cases  more  clayey  than  surface  soils,  their  potash  percent- 
ages are  almost  invariably  higher. 

"The  potash  percentage  of  heavy  clay  upland  soil,  and  clay 
loams,  ranges  from  about  0.8  to  0.5  per  cent ;  lighter  loams  from 
0.45  to  0.30  per  cent ;  sandy  loams  below  0.3  per  cent,  and  sandy 
soils  of  great  depth  may  fall  below  0.1  per  cent,  consistently  with 
good  productiveness  and  durability.  Virgin  soils  falling  below 
0.6  per  cent,  in  potash  seem  in  most  cases  to  be  deficient  in 
available  potash,  its  application  to  such  soils  being  followed  by 
an  imipediate  great  increase  of  production.  Sometimes,  however, 
a  soil  very  rich  in  lime  and  phosphoric  acid,  shows  good  produc- 
tiveness, despite  a  very  low  potash  percentage,  and  conversely,  a 
high  potash  percentage  seems  capable  of  ofisetting  a  low  one  of 
Kme." 

It  will  be  observed  that  only  the  lime,  phosphoric 
acid  and  potash  are  referred  to  in  the  above  quotation 
from  Prof.  Hilgard.  This  is  because  these  are  the  only 
three  mmeral  constituents  that  are  likely  to  be  deficient, 
and  since  all  others  are  generally  present  in  sufficient 
quantities  to  last  for  an  indefinite  period,  it  is  seldom  nec- 
essary to  give  them  attention.  It  is  worthy  of  notice,  in 
this  connection,  to  remark,  that,  while  it  is  usually  the 
case  that  soils  contain  a  sufficient  store  of  all  mineral 
plant  foods,  a  careful  inspection  of  the  analysis,  contained 
herein,  will  reveal  the  fact  that  many  Florida  soils  ap- 
pear to  be  lacking  in  magnesium,  and  an  application  of 
this  element,  in  appropriate  form  where  certain  crops  are 
to  be  grown  doubtless  will  prove  satisfactory.  Where  a 
^1  seems  to  be  deficient  in  this  element,  an  excellent 

way  to  provide  it  will  be  to  apply  the  Double  Salt  (Sul- 
phate) of  Potash  and  Magnesia,  using  about  twice  the 
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quantity  that  would  be  required  of  either  high  grade 
Sulphate  or  Muriate  of  Potash,  for  fertilizing.  In  this 
way,  both  elements  can  be  applied  simultaneously,  since 
the  above  salt  contains  a  considerable  quantity  pf  each. 

The  hints,  given  above,  mil  be  of  great  value  in  inter- 
preting  results,  and  should  be  carefully  studied  and  thorough- 
ly understood,  before  considering  the  analytical  tables. 

Soli  Analyses. 

It  is  in  order  now  to  apply  what  has  been  said  to 
the  various  analyses  included  in  this  report.  The  lack  of 
space  will  compel  us  to  be  as  brief  as  possible  with  this 
feature  of  the  bulletin.  Where  the  various  soils  in  a  county 
are  of  the  same  character,  and  almost  identical,  iC  will 
not  be  necessary  to  separately  consider  them  in  de- 
tail in  every  instance.  Many  inferences  will  be  left  for 
each  individual  to  interpret  for  himself,  in  the  light  of 
the  information  that  has  been  placed  before  him.  Only 
points  worthy  of  general  notice  will  be  considered,  and 
minor  details  will  generally  be  omitted.  In  studying 
the  several  soils,  it  is  deemed  best  to  disregard  county 
alphabetical  arrangement  and  consider  them  geographic- 
ally. Beginning,  then,  with  the  southern  portion  of  the 
peninsula,  the  soils  of  the  various  counties  will  be  studied 
according  to  this  plan,  and  the  first  ones  considered  will 
be  those  of  Dade  County. 

The  soils  of  Dade  County  may  be  included  under 
five  divisions,  as  follows : 

(1)  Dark  Sand,  (2)  Rocky  Land,  (3)  White  Sand, 
(4)  Mucks,  (6)  Prairie. 

An  average  sample  of  division  4  is  included  in  the 
chapter  devoted  to  Florida  mucks.  No  sample  of  prairie 
soil  was  sent  for  analysis. 

Nos.  10  and  11  include  a  soil  of  the  first  type,  Nos. 
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14  and  16  and  19  and  20  are  samples  of  the  second 
division,  and  Nos.  18  and  17  of  the  third.  The  samples 
were  collected  by  Messrs.  F.  A.  Soop,  F.  P.  Wilson 
and  E.  Lee,  all  residing  near  Lemon  City,  and  are 
types  of  the  prevailing  soils  of  the  county.  Nos.  10  and 
11  constitute  an  uncultivated  soil  which  waff  taken  from 
what  appeared  to  be  an  old  channel  from  the  Everglades. 
The  surface  of  this  soil  is  very  dark.  The  timber  grow- 
ing upon  it  is  comparatively  small,  consisting  of  scrub 
oak,  huckleberry,  grape  vines,  etc.  There  is  also  a  some- 
what limited  growth  of  palmetto  (both  saw  and  cabbage), 
and  the  soil  is  fairly  covered  with  a  coarse,  swamp  grass. 
Thd^sub-soil  was  very  compact  and  exceedingly  difficult 
to  disintegrate,  after  drying,  and  at  a  depth  of  from  two 
to  three  feet  a  sunken  shaft  exposed  water  in  consider- 
able quantities.  This  soil  appears  less  deficient  in  pot- 
ash than  in  either  phosphoric  acid,  lime  or  nitrogen.  Far 
the  larger  proportion  of  the  potash  is  in  the  surface  soil, 
while  the  excess  of  both  nitrogen  and  phosphoric  acid 
occurs  in  the  sub-soil.  It  is  deficient  in  all  plant*food 
constituents  that  it  is  usually  necessary  to  apply,  and 
should  such  a  virgin  soil  prove  fairly  productive  at  first, 
it  can  not  be  expected  to  continue  fertile  any  great  length 
of  time  without  fertilization,  especially  if  devoted  to  truck- 
ing and  fruit  growing.  When  employed  for  these  pur- 
poses, liberal  fertilization  from  the  beginning  will  doubt- 
less prove  profitable. 

Nos.  14  and  15  and  19  and  20  (virgin  rocky  soil), 
taken  from  the  Biscayne  Bay  region,  appear  to  be  ex- 
ceedingly deficient  in  potash,  but  contain  considerably 
more  lime  than  the  previous  sample,  and  about  the  same 
quantity  of  phosphoric  acid.  The  occurrence  of  these 
latter  constituents  in  these  proportions  may  render  this 
type  of  soils  as  productive  as  the  preceding  type  in  the 
beginning,  but  like  it,  it  cannot  continue  to  produce  sat- 
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isfactorily  for  any  great  length  of  time  without  liberal 
applications  of  fertilizer.  In  this  type,  the  soil  proper  ex- 
tends to  a  depth  of  twelve  to  fourteen  inches,  and  from 
this  depth  a  change  of  color  appears,  the  greyish  sand 
becoming  whiter  with  depth.  Commenting  on  this  soil, 
Mr.  Soop  writes :  ''  The '  Rocky  Soil '  produces  the  densest 
growth  of  palmetto,  both  saw  and  small  cabbage,  also,  of 
scrub  oak,  comptie,  etc.,  as  well  as  very  large  pine  timber." 

Nos.  18  and  17  (White  Sand)  were  forwarded  by  Mr. 
E.  Lee,  of  Lemon  City.  Unlike  the  ''Rocky"  soil,  no 
rocks  appear  on  the  surface  of  this  land,  but  are  found  at 
depths,  ranging  from  two  to  ten  feet.  The  timber  grow- 
ing upon  it  is  smaller  than  that  upon  the  ''Rocky,"  and 
much  less  palmetto  is  noticed  growing  upon  it,  and  the 
growth  of  grass  is  also  very  limited. 

This  soil  contains  far  less  humus  than  the  preceding 
types,  and  crops  growing  upon  it  will  doubtless  suffer 
much  more  from  drouths.  It  is  exceedingly  deficient  in 
nitrogen  and  potash,  less  so  in  phosphoric  add,  while  its 
per  cent,  of  lime  (especially  in  (lie  case  of  the  soil  proper) 
is  £ftr  larger  than  in  any  other  type  previously  reported. 
The  per  cent,  of  iron  oxid  and  magnesia  are  likewise  no- 
ticeably small  in  this  soil  (as  well  as  in  some  others)  and 
experiments,  with  a  view  to  supplying  these  deficiencies, 
would  seem  desirable.  Magnesia,  though,  for  general 
purposes,  is  not  much  regarded  as  a  plant-food.  A  growth 
of  beggar-weed,  velvet  bean,  or  ordinary  field  pea  upon 
this  soil,  would  increase  the  humus  supply,  as  well  as 
that  of  nitrogen,  thus  greatly  improving  it  and  render- 
ing the  purchase  of  a  large  amount  of  a  costly  nitro- 
genous fertilizer  unnecessary.  Reference  to  the  table  of 
averages  of  the  different  counties  will  show  that  the  soils 
of  Dade  County,  as  a  whole,  are,  as  regards  the  three 
chief  essentials,  most  deficient  in  potash  and  least  in  nitro- 
go].     They  are,  at  the  same  time,  more  or  less  deficient 


656 

in  all.  As  regards  lime,  they  come  jast  within  the  limit 
prescribed  by  Hilgard,  and  contain  the  average  amount 
of  this  material  usnally  found  in  the  average  sandy  soils 
of  the  peninsula.  Except  in  case  of  the  type  designated, 
''  White  Sand,"  they  seem  fairly  well  supplied  with  humus. 
It  may  often  be  the  case  that  those  types  of  soil  showing 
relatively  large  supplies  of  humus,  are  somewhat  sour. 
This  can  be  remedied,  either  by  thoroughly  plowing  and 
exposing  the  soil  to  some  depth,  thus  allowing  a  more  ready 
action  of  the  air,  or,  else,  more  rapidly,  by  administering, 
in  such  cases,  small  applications  of  water-slaked  lime. 
These  suggestions  should  be  sufficient  to  enable  every 
thinking  farmer  to  become  somewhat  intimate  with  his 
soil  and  its  requirements. 

In  reference  to  the  samples  of  Lee  County  soils  given 
in  the  table,  it  may  be  well  to  state  in  the  beginning 
that  sample  No.  29,  (General  Sub-soil)  is  the  sub- soil  to 
each  of  the  other  numbers  except  No.  1.  The  collector 
reported  that  the  same  character  of  sub-soil  prevailed 
throughout  the  different  areas  from  which  the  several 
samples  were  taken.  All  samples  save  No.  1  were 
selected  from  various  portions  of  the  Experiment  Station 
at  Myers. 

Practical  experience  has  demonstrated  that  there  is 
much  land  in  Lee  County  more  fertile  than  any  found 
on  the  Experiment  Station.  Unfortunately,  the  soils 
from  the  station  are  not  virgin,  still,  although  they  have 
been  cultivated,  none  of  them,  except  No.  25  (Best  Rye) 
has  ever  received  any  fertilizer. 

Sample  No.  1  was  sent  on  by  Mr.  B.  H.  Barfield,  of 
Marco.  This  sample  is  especially  noticeable  for  its  high 
per  cent  of  both  phosphoric  acid  and  lime.  It  is  also 
quite  rich  in  nitrogen  and  contains  a  liberal  supply  of 
humus.  It  appears  to  be  deficient  only  in  potash,  and 
in  the  presence  of  such  a  large  supply  of  phosphoric 
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acid  and  lime,  it  may  be  that  it  will  prove  quite  produo- 
tive  for  a  while  without  any  fertilizer  application.  More 
likely,  though,  a  liberal  dressing  of  potash  would  increase 
the  yield  quite  perceptibly.  This  soil  gave  an  alkaline 
reaction  with  test  paper,  which  was  to  be  expected,  since 
it  was  thickly  interspersed  with  fine  shell  particles. 
It  has  never  been  cultivated,  but  after  an  addition  of 
potash,  it  certainly  ought  to  prove  quite  productive  after 
being  put  in  proper  tilth. 

The  requirements  of  the  remaining  soils  can  be 
inferred  from  what  has  been  already  said  relative  to  pre- 
ceding analyses.  Brieflly  stated,  though.  No.  25  is  shown 
to  be  most  deficient  in  lime  and  potash,  and  somewhat 
so  in  phosphoric  acid.  It  appears  to  be  well  supplied 
with  all  other  plant-food  material.  No  26,  though 
apparently  less  fertile  than  25,  appears  to  be  most  defi- 
cient in  the  same  materials  and  to  require  the  same  gen- 
eral treatment. 

Nos.  28  and  59  appear  to  be  exceedingly  poor,  and 
will  doubtless  require  a  complete  fertilizer,  proportioned 
so  as  to  meet  the  particular  requirements  of  the  crop  to 
be  grown.  They  appear  to  be  fairly  well  supplied  with 
humus,  but  it  is  entirely  probable  that  a  growth  upon 
them,  of  one  of  the  legumes  previously  referred  to  would 
prove  beneficial  both  as  regards  enriching  the  soil  and 
improving  its  tilth.  As  is  indicated  by  the  names,  Nos. 
25  and  26  are  soil  areas  lately  devoted  to  growing  rye 
and  fruits  respectively. 

Sample  No.  64,  of  which  only  the  surface  soil  is  given, 
being  only  one  sample,  can  hardly  be  said  to  be  typical 
of  all  the  farming  pine  lands  of  the  county.  Ajb  a  whole, 
the  high  pine  lands  of  the  county,  however,  are 
probably  similar  in  composition  to  those  of  other  adjacent 
counties,  and  will  require  similar  treatment.  The  meth- 
od for  conducting  practical  soil  test  experiments, given  in 
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Desoto  county  soils. 


Type  of  Soil. 


Salt 
Marsh 


Salt 
Marsh 


Pine 
Land 


Station  Number 

Coarse  Earth 

Fine  Earth 

Humus   

Nitrogen 

Moisture  at  lOO^C 

FINE  EARTH. 

Insoluble  Residue 

Potash  [K,0]  

Soda  [Na,0]  

Lime  [CaO]   

Magnesia  [MgO] 

Ferric  Oxid  [FejO^']   

Alumina  [Al^OJ  

Phosphorus  pentozid  (PaOj)  | 

Chlorin  

Sulphur  Trioxid  [SO3]   

Carbon  Dioxid  [CO,) 

Water  and  Organic  Matter  .. 

Total  


Soil 
4 


Sub-soil 
5 


Soil 
64 


1.10 

98.90 

.69 

.0994 

.5960 


95.6575 
.0212 
.4844 
.0750 
.1125 
.0914 
.1426 
.0160 
.3657 
.3695 
.0000 
3.1240 


100.4598 


1.00 
99.00 
.11 
.000 
.0940 


99.3375 
trace 
.1841 
.0325 
.0189 
.0437 
.0413 

trace 
.1207 
.0300 
.0000 
.3900 


4.00 
96.00 
1.76 
.2060 
.9600 


100.1987 


90.9210 
.0072 
.0297 
.0000 
.0369 
.6812 

1.1410 
.0928 

trace 
.0000 
.0000 

7.2920 


100.1018 
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Bubsequent  pages,  will  enable  eveiy  one  interested  to  as- 
certain the  needs  of  the  several  types,  and  such  experi- 
ments shoold  invariably  be  undertaken. 

Sample  Nos.  4  and  6  were  sent  on  by  Mr.  Oarl  Troil, 
a  rerident  of  Wetompka,  Ala.,  who  owns  land  near  Ponta 
Gorda,  Fla.  The  soil  is  virgin,  and  the  growth  upon  it 
is  chiefly  marsh  grass  and  no  timber.  It  is  located  near 
salt  water.  The  high  per  cent  of  sod  iom  and  chlorin 
shown  in  the  analysis  indicate  that  there  is  an  excess  of 
common  salt  (sodium  chlorid)  in  this  soil — a  sufficient 
quantity  to  prove  highly  injurious  to  growing  crops.  In- 
deed, it  is  possible  that  crops  will  refuse  to  make  a  sub- 
stantial growth  upon  it,  without  it  can  be  freed  from  the 
objectionable  salt  accumulation  by  drainage.  It  is  be- 
lieved that  if  as  much  as  one  part  of  chlorin,  per  thous- 
and, occurs  in  a  soil,  it  will  prove  injurious,  and  it  is 
shown  in  the  analysis  that  much  more  than  this  amount 
is  present.  It  is  exceedingly  rare  to  find  an  excess  of  chlo- 
rin occurring  in  Florida  soils,  save  in  the  case  of  salt 
marshes,  and  for  that  reason  the  estimation  of  chlorin  in 
nearly  all  soil  samples  really  might  have  been  omitted. 
As  regards  the  essential  fertilizing  constituents,  the  sam- 
ple appears  to  be  most  in  need  of  phosphoric  add,  and 
next  of  potash.  Even  after  the  excess  of  salt  is  removed 
from  it  by  drainage,  it  cannot  be  expected  that  it  will  re- 
main long  fertile,  if  fertile  at  all,  if  subjected  to  a  contin- 
uous system  of  cropping.  Sample  64  is  of  surface  soil 
only,  and  is  fairly  representative  of  the  surface  soils  of 
the  high  pine  lands  comprised  in  a  radius  of  thirty-three 
miles  of  Wauchula.  "The  surface  soil  is  gray  to  a  depth 
of  four  inches,  and,  after  that,"  writes  Mr.  Clavel,  who  sent 
on  the  sample,  "the  color  changes  to  dark  brown  and 
continues  so  for  about  nineteen  inches."  The  timber 
growing  upon  the  land  is  high  pine,  huckleberry  bushes, 
etc.    The  soil  also  contains  considerable  growths  of  wire- 
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grass,  wild  oats,  wild  sweet  peas,  myrtle  and  saw  palmet- 
to. This  sample  is  shown  to  be  quite  deficient  in  both 
lime  and  potash.  It  contains  considerably  more  phos- 
phoric add  than  either  of  the  above,  but,  in  the  absence 
of  lime,  it  is  not  likely  that  much  of  it  is  available. 
Probably  this  soil  would  respond  quite  well  to  applica- 
tions of  add  phosphate  and  potash — ^the  former  would 
provide  both,  lime  and  phosphoric  add.  It  aippears 
to  be  fiedrly  well  supplied  with  nitrogen,  and  it  is 
not  likely  that  an  addition  of  this  element  will  be  nec- 
essaiy. 

Sample  A  was  analyzed  about  two  years  ago, 
and  it  was  not  intended  for  publication  in  this  bulletin. 
Unfortunately,  several  important  determinations  were 
omitted.  It  is  believed,  nevertheless,  that  its  publication 
even  in  its  present  form,  at  this  time  will  be  of  some  ben- 
efit^ since  the  sample  is  typical  of  a  large  track  of  virgin 
soil  lying  near  the  gulf  coast  in  Manatee  county,  and  the 
analysis  presents  points  worthy  of  consideration.  Re- 
peated efforts  to  secure  typical  Manatee  county  soils  for 
analysis  in  cosnection  with  this  bulletin  resulted  in  fail- 
ure. The  present  sample  connot,  of  course,  be  said  to 
represent  the  typical  Manatee  soils.  It  is  simt>ly  a  type 
of  what  is  known  locally  as  ''Hammock  Marl  Land,"  and 
which  occurs  in  large  areas  in  the  section  from  which  it 
was  taken.  It  is  generally  regarded  by  the  farmers  of 
that  section  as  of  little  or  no  value.  The  analysis  seems 
to  indicate  that,  with  proper  treatment,  this  soil  can  be 
made  to  compare  favorably  with  the  best  hammock  lands 
of  the  State.  It  seems  quite  well  supplied  with  phos- 
phoric add,  and  while  the  nitrogen  estimate  is  not 
shown,  it  is  likely,  from  the  proportion  of  volatile  matter 
(chiefly  organic)  present,  that  the  soil  is  fairly  well  sup- 
plied with  this  element  The  quantity  of  potash  is  some- 
what defident,  though  not  so  much  so  as  was  found  to  be 
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MANATEE   COUNTY. 


Type  of  Soil. 


Station  Number. 


Ham'ock 
Marl 
Land 


Soil  and 
Subsoil 
A 


Coarse  Earth. 
Fine  Earth... 


Humus 

Nitrogen 

Moisture  at  lOO'^C. 


THE  FINE  EARTH  ANALYZED. 

Insoluble  Residue 

Potash  [K,0] 

Soda  [Na,0]. 


Lime  [CaO].. 

[MgO]... 
Ferric  oxid  [FcOj] 


Magnesia  [J 


'] 

id  [PA 


1.4080 


56.3440 
.0467 
.4384 

21.1700 
.1760 

1.9850 


Alumina  [Al^O,] 

Phosphorus  Pentoxid  [P,0 J .2140 

Chlorin .4149 

Sulphur  trioxid  [SOJ ,  .0000 

Carbon  dioxid  [COJ I  15.4300 

Volatile  matter !  2.3000 


Total 


98.5190 


the  case  with  many  other  soils.  The  two  most  noticeable 
characteristics  of  the  sample  are  the  high  per  cents  of 
lime  and  sodium  chlorid  or  common  salt — most  of  the 
chlorin  being  in  combination  with  with  sodium  to  form 
this  material.  Where  the  location  of  the  land  is  favora- 
ble and  drainage  (and  irrigation,  if  necessary)  can  be  ac- 
complished at  moderate  expense,  the  excess  of  salt  cau 
be  removed  by  this  means.  Then,  by  growing  forage 
croi)S,  with  heavy  foliage  (such  as  melilotus)  upon  the 
land  for  several  successive  years,  it  will  be  found 
that  it  will  be  very  greatly  improved.  In- 
deed, such  crops,  even  in  the  absence  of  drainage  and  ir- 
rigation, will  greatly  benefit  it.    This  land  will  doubtless 
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require  potash  fertilization  before  any  other,  but  in  the 
presence  of  so  much  lime,  the  supply  even  of  available 
potash  may  last  for  several  years  under  ordinary  crop- 
ping. Should  the  quantity  of  lime  be  so  large  as  to  prove 
injurious  to  growing  vegetation,  under  the  system  recom- 
mended above,  and  by  growing  such  crops  as  the  clovers 
upon  it,  and  feeding  and  pasturing  the  crop,  much  of 
the  excess  of  it  will  be  gotten  rid  of  each  year. 

This  sample,  not  being  a  typical  soil  will  not  be  in- 
cluded in  the  table  of  averages  to  be  inserted  later  on: 

It  was  forwarded  to  the  laboratory  by  Mr.  Kline  0. 
Yarn,  of  Venice,  Fla.  It  was  taken  to  a  depth  of  ten 
inches  and,  as  has  been  stated,  is  a  fair  average  of  this 
particular  type  of  soils. 

Samples  Nos.  12  and  13  were  sent  on  by  S.  T.  Car- 
row,  of  Sewall's  Point.  They  are  a  type  of  soil  (high 
hammock)  usually  employed  in  Brevard  County,  for 
growmg  pineapples.  They  are  not  viigin  soil.  Origi- 
nally tiiey  were  covered  with  a  heavy  growth  of  hard 
wood,  hickory,  oak,  bay,  etc.  Usually,  it  produces  per- 
fect pines,  with  proper  fertilization,  but  here  and  there  in 
the  field,  occur  patches  upon  which  they  refuse  to  thrive. 
After  the  first  year,  they  begin  to  die,  and  eventually  they 
appear  to  entirely  starve.  Sample  No.  12  is  from  the 
portion  of  the  field  where  the  plants  grow  perfectly,  and 
No.  13  is  taken  from  a  spot  where  they  refuse  to  thrive. 
So  far  as  the  chief  constituents  are  concerned,  the  only 
very  noticeable  difference  in  the  composition  of  the  two 
samples  appears  to  be  in  the  lime,  and,  to  a  less  extent,  in 
the  phosphoric  acid,  in  which  No.  12  appears  to  have 
some  advantage.  This  sample  is  slightly  more  deficient 
in  potash  than  No.  13,  but  contains  more  magnesia,  iron, 
alumina,  etc.  Fertilizer  soil  tests  will  provide  the  only 
definite  means  for  ascertaining  if  it  is  due  to  some  plant- 
food  deficiency.     If  such  tests  fail  to  solve  the  problem, 
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then  the  trouble  likely  arises  from  some  deeeased  condi- 
tion of  the  soil  which  it  is  not  in  the  proyince  of  the 
chemist  to  discover.  Probably,  in  such  eventi  the  bac- 
teriologist may  suggest  an  efficient  remedy.  Samples  21 
and  22  were  forws^ed  by  Mr.  L.  B.  Dawson,  of  Nar- 
rows. They  are  from  comparatively  new  land  which 
originally  was  covered  with  scrub  palmetto.  It  has  never 
succeeded  in  producing  successful  yields.  The  quantity 
of  lime  in  this  sample  is  noticeably  large.  It  is  hardly 
likely,  though,  that  failure  to  produce  is  due  to  this 
rather  excessive  quantity  of  lime. 

It  appears  to  be  somewhat  deficient  in  each  of  three 
essential  plant-foods,  as  well  as  in  humus,  though,  as 
regards  fertility,  it  appears  to  be  superior  to  many 
other  Brevard  soils. 

Nothing  unusual  is  noticed  in  any  other  of  the  Bre- 
vard analyses,  and  therefore,  further  comment  is  deemed 
unnecessary,  except  to  remark  that  No.  37  is  takep  below 
to  the  two  preceding  soils  and  sub-soils  at  a  depth  of 
four  feet. 

Samples  47  to  52,  inclusive,  were  sent  on  by  Mr.  R. 
E.  Rose,  of  Kissimmee.  In  his  letter  referring  to  them 
he  divides  the  soil  types  and  estimates  the  proportions  of 
the  several  soils  occurring  in  the  county  as  follows  : 

1.  Pine  Ridge 15  per  cent 

2.  Flat  woods 60        " 

3.  Hammock 5        " 

4.  Muck  soils 20        " 

Nos.  47  and  48  are  an  average  sample  of  soil  and 
sub-soil  of  the  first  type.  The  principal  growth  upon  it  is 
tall  pine  with  scattering  oak,  willow,  sumach,  and  wire 
grass.  The  portion  rejected  on  the  sieve  consisted  almost 
wholly  of  roots,  leaves,  etc.  This  sample  seems  to  be 
deficient  in  all  the  principal  fertilizing  elements,  includ- 
ing lime,  and  it  cannot  be  relied  upon  to  produce  satis- 
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fitetory  yields,  at  least  for  any  length  of  timei  without  it 
receives  liberal  fertilizing. 

Nos.  49  and  50  constitute  a  soil  and  sub*soil  of  the 
repretentatiye  flat  woods  virgin  soil  of  the  county.  The 
chief  vegetation  growing  upon  it  is  pine,  scrub*palmetto 
and  wire  grass.  It  exhibits  approximately  the  same 
plant-food  deficiencies  as  the  preceding  sample  and  should 
receive  similar  treatment 

Nos.  51  and  52  are  the  soil  and  sub-soil  of  the  aver- 
age hammock  land  of  the  county.  The  growth  upon  it 
is  hickory,  live  oak,  water  oak  uid  mulberry.  This  iiam- 
ple  contains  inore  nitrogen,  phosphoric  acid  and  lime 
than  the  preceding  samples,  and  ought  to  prove  more 
lasting  without  fertilizer  applications.  It  should  re- 
quire potash  fertilization  before  any  other,  since  the 
quantity  of  this  found  was  too  small  to  admit  of  weighing. 
The  muck  soils  will  be  commented  upon  in  the  chapter 
on  mucks  to  be  inserted  later. 

Samples  42,  43,  44,  45  and  46  were  collected  by  Mr. 
J.  H.  Tatum,  of  Bartow.  No.  42  is  an  almost  pure  white 
sand.  There  is  a  luxuriant  growth  of  live  oak,  hickory, 
cherry,  wild  orange,  pine  and  cabbage  palmetto  upon  it 
It  includes  both  soil  and  sub-soil  to  a  depth  of  two  and  a 
half  feet.  The  only  orange  grove  in  Polk  County,  not 
frozen  in  1895,  adjoins  the  land  from  which  this  soil 
sample  was  taken  and  was  of  a  similar  character.  The 
chemical  analysis  fails  to  throw  any  light  upon  this 
peculiar  circumstance.  More  likely,  the  cause  will  be 
found  in  the  favorable  location,  of  the  grove  as  regards 
exposure,  proximity  to  water,  method  of  fertilization  etc. 
The  analysis  shows  this  soil  to  be  very  deficient  in  all 
the  essential  plant-food  elements  which  it  frequently  is 
necessary  to  apply. 

Nos.  43  and  44  are  samples  of  soil  and  sub-soil,  in 
each  case,  and  in  both  instances  the  sample  was  taken  to 


I« 


SSS;s 


'  ■, ^ "Q !> *5 *~ •*    "  mff**  S 

siiisSss||isi. 
g.s. ■.•,:  ■  ■  ■js  ■-!§ 


silssisssi 
g  ■    ■  ■  -  S 


iSisiiBliliii 


glisSiisiiiis 


S  ■    S 


Igi 


r& 


I  s  ill 


:|fc3l. 


669 


^ 


s 

2 


a 

s 

»2 


00 


s 


c2« 


» 


CQco 


QQ 


to 


£ 


O 

H 
A* 


a 

o 

1 

QQ 


i-HOO 

OOCYOO 

•         •         •         •         • 


O  t^  1-M  o 


00 


t*  Od  l^  00 


SCO  CO 


CO 


^^38 

00  r*  00  T^  Tt<. 

OOrHOOO  rH 

•      •      •      •      • 

CD  CO 


00   fa 


CO 


c^c^oo 

CD  yH  Od 
«Ht^  00 

oo^eo 


tH  00  tH  Or-i 
•     •     •     •     • 

^8 


CO 

00* 


CO 


OCOiHO 


00 


00  t*  ^  tH 


idOrH 


OOi-H 


coe3i«D    t*    t* 
ooo    -^    o 


S^ 


O 
o 

8 


1  ■  • 


o 

00 

at 


670 

a  depth  of  two  and  a  half  feet.  As  will  be  seen,  No.  44 
contains  an  abundance  of  phosphoric  add  and  a  fair  sap- 
ply  of  lime.  It  is  not  likely  that  this  soil  will  need  any 
phosphoric  acid  for  qnite  a  while,  since  enough  of  this 
element  will  doubtless  become  available  to  supply  all 
needs.  It  contains  only  a  small  supply  of  nitrogen  and 
is  exceedingly  deficient  in  potash. 

No.  43  appears  quite  well  supplied  with  phosphoric 
acid,  but  the  lime  supply  is  shown  to  be  quite  limited. 
Its  supply  of  available  acid  cannot  last  very  long  with- 
out steps  are  taken  to  render  it  available,  since  the  lime 
naturally  existing  in  the  soil  is  very  limited.  It  is  defi- 
cientin  nitrogen  and  very  much  so  in  Potash,  and  both 
of  these  must  be  supplied  before  many  crops  are  har- 
vested. 

■ 

Nos.  45  and  46  are  the  soil  and  sub-soil  of  another 
sample  taken  at  a  similar  depth.  Comment  upon  these 
analyses  is  unnecessary,  for  what  has  previously  been 
said  in  connection  with  other  soil  samples  will  furnish 
the  necessary  information  to  interpret  them. 

Samples  55-68  (inclusive)  were  forwarded  by  Mr. 
Charles  G.  Wilson,  of  Winter  Haven. 

Nos.  56  and  66  are  representative  types  of  the  soil 
and  sub-soil,  respectively,  of  the  high  sandy  hills  of  that 
vicinity.  The  location  selected  for  taking  the  sample 
was  from  thirty  to  forty  feet  above  Lake  Elbert  The 
principal  growth  upon  it  is  small  pine,  with  more  or  less 
oak,  willow,  etc.,  scattered  here  and  there.  It  also  has 
an  undergrowth  of  wire  grass,  wild  oats,  milk  weeds,  etc. 

It  appears  to  be  deficient  in  all  plant-food  essentials 
and  most  so  in  potash. 

Samples  57  and  58  are  the  soil  and  sub-soil  of  a  more 
level  location,  taken  lower  down  than  the  previous  sam- 
ple, and  at  a  depth  of  from  twelve  to  fifteen  feet  above 
the  lake.     A  clay  sub-soil  is  found  at  a!depih  of  five  feet 
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from  the  surface.  This  soil  will  require  similar  treat- 
ment to  that  previously  given. 

The  muck  soils  of  Polk  County  will  be  considered  in 
a  subeequent  chapter  devoted  to  the  muck  soils  of  the 
peninsula. 

Samples  Nos.  76  and  76  were  forwarded  by  Mr.  J. 
L.  Young  of  Plant  City.  The  sample  is  virgin  soil,  col- 
lected about  one-half  mile  from  the  depot.  The  growth 
upon  it  is  pine,  small  oak  and  wire  grass.  A  clay  sub- 
soil occurred  at  a  depth  of  four  feet.  The  soil  is  well 
supplied  with  humus  and  contains  a  fair  supply  of  nitro- 
gen. It  contains  a  large  supply  of  phosphoric  acid  and 
lime,  and  it  is  not  likely  to  require  an  application  of 
either  of  these  latter  materials  in  quite  a  while.  It  is 
deficient  in  potash  and  is  sure  to  become  exhausted  of 
this  element  earlier  than  any  other  when  subjected  to 
cultivation. 

Samples  Nos.  116,  117  and  118  were  forwarded  to 
the  Laboratory -by  Hon.  F.  E.  Harris  of  Ocala.  The 
samples  were  selected  in  the  vicinity  of  Clear  Water,  Fla. 
Nos.  116  and  117  are  a  sample  of  cultivated  soil  which 
produces  satisfactory  yields  when  fertilized,  and  No.  118 
is  selected  from  an  unproductive  patch  in  the  same  field 
which  fails  to  respond  to  the  same  fertilizer  application. 
The  writer  is  not  aware  of  the  variety  of  fertilizer  that 
has  been  administered,  but  the  analysis  shows  the  soil 
(Nos.  117  and  118)  to  be  somewhat  deficient  in  humus, 
nitrogen,  and  lime,  though  there  may  be  enough  of  the 
latter  to  render  an  application  of  phosphoric  acid  unnec- 
essary for  a  little  while,  since  this  acid  is  shown  from  the 
analysis  to  be  fairly  well  supplied.  The  sample  is  shown 
to  be  quite  deficient  in  potash,  and  this  element  in  some 
form  should  be  supplied.  Sample  No.  118  is  a  mixture 
of  soil  and  sub-soil.  It  is  most  deficient  in  potash,  quite 
so  in  phosphoric  acid,  and  somewhat  so  in  nitrogen* 
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Should  the  other  soil  of  the  field  fail  to  continue 
to  produce  after  the  treatment  suggested,  it  may  prove 
advantageous  to  administer  to  it  a  slight  dressing  of 
gypsum. 

PA8CX)  COUNTY  SOILS, 


Type  of  Soil. 


Sandy  Soil 


Station  Number 

Coarse  Earth  . . .  .< 

Fine  Earth 

Humus 

Nitrogen 

Moisture  atj 00°  C 

FINE  EARTH. 

Insoluble  Residue 

Potash  .(K,0)   

Soda(Na,0)   

Lime  (CaO)   

Magnesia  (MgO) 

Ferric  Oxid  (FejO,) 

Alumina  AI3O3)    

Phosphorus  Pentoxid  (P2O5) 

Chlorin 

Sulphur  Trioxid  (SO,) 

Carbon  Dioxid  (CO,) 

Water  and  Organic  Matter  . 

Total 


Sub-Soil 

74 


1.20 
98.80 
.71 
.0210 
.2700 


93.2840 
.0048 
.0596 
.0250 
.0405 
.6510 
.7380 
.1360 

trace 
.0000 
.0000 
5.1240 


96.6105 

trace 
.0106 
.14f0 
.0115 
.5037 
.5628 
.1360 

trace 
.0000 
.0000 
2.0420 


100.0628      100.0221 


It  is  unfortunate  that  it  was  found  impossible  to 
secure  representative  samples  of  virgin  sandy  soils  from 
ibis  county.  It  was  only  possible  to  secure  one  sample 
from  Pasco,  and  this  was  of  cultivated  soil.  The  collec- 
tor failed  to  comply  with  instructions  to  collect  the  sam- 
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pie  from  typical  virgin  soil.  The  sample  was  forwarded 
by  Mr.  J.  S.  Gross  of  San  Antonio.  It  was  taken  from  an 
old  com  field,  covered  at  the  time  with  a  growth  of  beg- 
gar-weed, and  grass.  It  is  quite  well  supplied  with  phos- 
phoric acid  and  lime  and  contains  a  moderate  supply  of 
nitrogen.  It  is  fairly  well  supplied  with  humus  and  is 
deficient  in  potash.  It  seems  to  need  most  a  potash  fer- 
tilizer and  next  a  nitrogenous  one.  The  soil  was  taken 
to  a  depth  of  eight  inches  and  the  sub  soil  to  a  depth  of 
two  feet,  when  a  stratum  of  clay  was  encountered. 

Samples  31  and  32  were  forwarded  by  Mr.  George 
H.  Wright,  of  Orlando.  This  soil  was  taken  from 
cleared  pine  land  (virgin),  and  the  soil  proper  was  col- 
lected to  a  depth  of  one  foot  The  sub-soil  was  then 
taken  to  a  depUi  of  two  feet.  This  soil  seems  to  be  best 
supplied  with  phosphoric  acid,  though  the  supply  of  lime 
is  not  sufficient  to  insure  the  necessary  quantity  of  this 
acid  remaining  available  for  any  great  length  of  time. 
It  is  most  deficient  in  potash  and,  next,  in  nitrogen. 
Probably  a  growth  of  beggar- weed,  or,  else,  of  velvet  bean, 
^  ould  be  an  admirable  way  to  supply  the  necessary  nit- 
rogen, since  the  supply  of  humus  is  shown  to  be  some- 
what deficient. 

Nos.  60  to  63  (inclusive)  are  from  Mr.  Geoige 
Frost,  of  Altamonte  Springs.  Nos.  61  and  62  were  col- 
lected from  land  about  a  mile  and  a  half  southwest  of  the 
Station.  It  was  cleared  of  pine  timber  about  twenty 
years  ago.  It  now  contains  a  growth  of  scrub-oak,  wil- 
low, black-jack,  etc.  The  undergrowth  is  chiefly  wire- 
grass.  For  the  past  fifteen  years,  the  grass  has  been 
burnt  o£f  annually.  .  The  analysis  shows  it  to  be  deficient 
in  all  fertilizing  materials,  but,  least  of  all,  in  phosphoric 
acid. 

Nos.  62  and  63  constitute  a  soil  and  subsoil  of  pine 
land,  covered  with  a  growth  of  pines  from  eight  to  eight- 
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» 

een  inches  in  diameter.  It  is  very  similar  in  composition 
to  the  preceding  sample,  though  it  is  designated  by  the 
sender  "Good  Pine  Land." 

Sample  Y.  was  analyzed  by  Prof.  Norman  Robinson, 
formerly  State  Chemist.  It  was  stated  by  him  to  be  sec- 
ond class  pine  land  of  Orange  County.  Compared  with 
analyses  of  other  pine  lands  of  this  county,  made  in  this 
laboratory,  it  will  be  seen  that  this  sample,  on  the  whole, 
is  somewhat  superior  to  some  others.  The  analysis  in- 
cludes both,  soil  and  sub-soil.  Further  comment  upon 
this  analysis  is  deemed  unnecessary.  The  muck  soils  of 
Orange  County  will  be  considered  in  the  chapter  devoted 
to  this  type  of  soils.  It  may  be  well  to  note  here,  also, 
that  analyses  of  samples  of  muck  soil  from  Lake  County 
will  be  giyen  in  the  same  chapter.  No  samples  of  sandy 
soil  were  forwarded  fix)m  this  latter  county. 

Nos.  6,  7,  8  and  9  were  forwarded  by  Hon:  C.  F.  A. 
Bielby  (now  deceased),  of  DeLand.  Nos.  6  and  7  are 
the  soil  and  sub-soil,  respectively,  of  "  Grey  Hammock  " 
land.  The  timber  upon  it  consists  of  hickory,  live  and 
other  oaks,  magnolia,  bay,  eta  This  soil  occurs  in  Vol- 
usia county  in  patcheSy  varying  in  size,  from  ten  to  five 
hundred,  or,  even  one  thousand  acres,  and  is  surrounded 
by  flat  woods  "  scrub  sands,"  etc.  The  clay  sub-soil  is 
found  at  a  depth  of  about  nine  feet,  and,  normally  the 
depth  of  water  is  about  eleven  feet.  The  analytical 
results  may  be  easily  interpreted  from  what  has  been  said 
in  connection  with  similar  soils  in  other  counties. 

Nos.  8  and  9  constitute  a  fair  average  of  the  good 
pine  lands  of  Volusia.  The  principal  growth  upon  it  is 
tall,  straight  pine  (about  seventy  per  acre),  with  a  few 
so-called  '^  willow  oaks."  The  undergrowth  is  wire  grass, 
and  partridge  pea,  with  here  and  there,  a  growth  of  wild 
oats.  The  top  soil  was  taken  to  a  depth  of  eight  inches. 
No  further  comments  are  deemed  necessary.  Sample  Z  was 
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analyzed  by  Prof.  Robinson.  The  sample  was  collected 
by  Mr.  E.  0.  Painter,  of  DeLand.  Mr.  Painter  desig- 
nates this  soil  "  Good  Orange  Soil."  It  is  yery  similar 
in  composition  to  the  preceding  sample,  though  it  con- 
tains considerably  more  phosphoric  acid  and  nitrogen. 
The  writer  is  not  aware  whether  this  is  a  virgin  soil,  but 
is  inclined  to  believe  that  it  is  not.  It  has  probably  been 
cultivated  and  fertilized  liberally. 

MARION  COUNTY  SOIL. 


TYPE  OF  SOIL. 


Station  Number 


Coarse  Earth 

Fine  Earth 

Humas 

Nitrogen 

Moisture  at  100°C 


FINE   EARTH. 


Insoluble  matter 

Potash  (K,0) 

Soda  (Na,0) 

IJme(CaO) 

Magnesia  (MgO) 

Ferric  oxid  (Fe^Oj) 

Alumina  (Al^Oj^k 

Phosphorus  pentoxid  (P^O^) 

Chlorin 

Sulphur  trioxid  (SO3) 

Carbon  diozid  (COj 

Water  and  organic  matter . . 

Total 


13.20 
86.80 
1.26 
.0360 

.8180 


92,6316 
.0149 
.0362 
.1600 
.0198 
.4262 

1.6694 
.2544 

trace 
.0086 
.0000 

6.0200 


100.2299 


Sub-soil 
34 

7.60 
92.50 
.61 
.0098 
.3860 


96.6866 
.0024 
.0665 
.0426 
.0162 
.3487 
.9021 
.1792 

trace 
.0000 
.0000 

1.8080 


99.9611 


After  repeated  e£fort8,  it  was  only  found  practicable 
to  secure  one  sample  of  sandy  soil  from  Marion  County. 


679 

Nob.  33  and  34  include  this  sample.  It  was  collected 
by  Mr.  W.  C.  Croom,  of  Beddick.  Originally,  the  land 
was  wooded  with  ash,  hickory,  oak,  etc.  The  soil,  proper, 
varies  in  depth  from  eight  inches  to  one  foot,  while  a 
day  stratum  is  reached  at  a  depth  varying  from  two  and 
a  half  to  three  feet.  This  sample  is  well  supplied  with 
phosphoric  add  and  lime.  It  is  most  deficient  in  potash 
and  next  in  nitrogen.  Further  comments  are  deemed 
unnecessary. 

The  following  table  affords  a  convenient  and  ready 
reference  for  ascertaining  the  amounts  of  insoluble  mat- 
ter, humus,  nitrogen,  potash,  phosphoric  acid  and  lime  in 
the  several  soils  included  in  the  previous  discussion. 

The  table  is  self-explanatory  and  is  hereto  appended. 

In  the  table  the  figures  employed  are  the  average 
of  soil  and  sub-soil  in  each  case. 

The  sample  numbers  employed  are  only  those  of 
the  soils,  the  sub-soil  numbers  being  omitted. 

A  better  general  average  of  the  phosphoric  acid  and 
lime  occurring  in  the  sandy  soils  of  that  portion  of  the 
Florida  peninsula  included  in  this  bulletin  can  be  ob- 
tained by  eliminating  sample  No.  1  (Lee  County)  and  No. 
44  (Polk  County)  in  the  case  of  the  former,  and  samples 
No.  21  (Brevard  County)  and  1  (Lee  County)  in  the  case 
of  the  latter. 

Such  elimination  will  then  make  the  total  general 
average  of  all  constituents  in  all  soil  samples  analyzed  as 
follows: 

Insoluble  reridue 96.0127 

Humus  63 

Nitrogen 0409 

Potash  (KaO)   0094 

Phosphoric  acid  (PaOj)  0687 

Lime  (CaO) 0564 
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Table  showing  the  Total  Average  of  Inportaat  Soil  Ingredients  in  the 
Sandy  Soils  of  the  Central  and  Southern  portions  of  the  Rorida  pen-y 
insnia  and  also  showing  the  County  Averages  of  those  Ingredients  in 
eleven  eounties. 


1 

Coonty 

No 

12 
13 
21 
38 
40 

X 

10 
14 

17 
19 

4 

75 
92 

1 
25 
26 
28 
59 

33 

31 
60 
62 
Y 

47 
49 
51 

73 

42 
43 
44 
45 
55 
57 

6 
8 
Z 

Inaolable 
Besidae 

» 

d 

O 

go 

1 

1 

Brevard 

u 

97.5085 
98.2100 
87.5915 
97.5710 
99.0485 
98.1951 

96.3541 

93.8197 
93.4032 
98.4256 
97.2740 

95.7306 
97.4975 

91.4202 
96.4472 

93.9337 

82.4682 
96.4305 
96.2090 
97.3085 
97.4155 

93.9663 
94.6090 

96.4818 
98.2060 
98.8857 
96.4261 

97.4999 

97.4670 
97.7362 
96.6082 

972704 
94.9472 

99.4830 
95.2190 
89.3950 
96.3590 
97.9165 
98.5205 

96.1488 

98.3022 
96.6618 
96.0852 

97.0164 

.24 
.21 
.39 
.10 
.08 

.0378 
.0252 
.0434 
.0091 
.0021 
.0261 

0239 

.0364 
.0833 
.0084 
.0112 

.0086 
.0111 
.0588 
.0038 
.0041 
.0198 

.0177 

.0574 
.0033 
.0027 
.0089 

.0336 
.0192 
.0608 
.0527 
.0080 
.0333 

.0346 

.0280 
.0232 
.0288 
.0262 

.0245 
.0080 

.3224 

.1008 

.2116 

1.2815 
.0208 
.0496 
.0112 
.0064 

.2739 
.2168 

.1027 
.0792 
.0224 
.1175 

.0804 

.0056 
.0088 
.0384 

.0176 
.1360 

.0064 
.2768 
2.4000 
.2176 
.0224 
.0136 

.4894 

.0136 
.0592 
.1660 

.0796 

.2100 
.1075 
4.8787 
.0200 
.0000 
.1150 

Dade 

.20 

2.51 

1.48 

.26 

.22 

1.10 

.40 

1.36 
.30 

.83 

1.73 
1.87 

.80 

.8885 

.0200 

(( 

.0850 

ti 

.3025 

(( 

.0362 

DeSoto 

0348 1.0181 
.0497  MM 

.1109 
.0637 

Hillsboro 

Lee 

.0672 
.0518 

.0595 

.2464 
.1162 

.0014 
.0011 

0012 

.0125 
.0058 

.1375 
.1450 

1412 

3.3025 
.0000 

ti 

.0714     .0000 

.0725 

it 

.93  '-06.^0   10125 

.0000 

Marion 

.63 

1.09 
.88 

.45 
.25 
.14 

.0350    .0055 

.1064  1.0072 
.0074  .0086 

1 

.0294   '.0000 
.0028    .0034 
.0014   1.0106 
.1100    -0160 

.0350 

.6820 
.0962 

Orancre 

.0137 

ti 

.0000 

.0(100 
.0624 

Osceola 

.28 

.67 
.70 

.87 

.74 
.97 

.02 
.50 
].15 
.47 
.35 
.29 

.46 

.15 
.25 

.0359 

.0266 
.0252 

.0075 

.0038 
.0037 

.0190 

.0112 
.0075 

»t 

.0434    .0000 

.0300 

Pasco 

0317 
.0406 

.0042 
.0126 
.0294 

.0025 
.0024 

.0038 

.0000 

0000 

.0162 
.0850 

Polk 

it 

.0000 
.0125 
.1125 

(( 

.0084    .0014 
.0098    .0000 
.0084    -0038 

.0212 

u 

.0062 

t( 

.0000 

Volusia 

0121 

.0266 
.0280 
.0890 

.0478 

.0015 

.0043 
.0157 
.0208 

.0136 

.0254 

.0437 

tt 

.0222 

tt 

.0526 

.20 

.0395 

Total  average 

95.9876 

.64 

.0413 

.0091 

.1635 

.2805 

NoTB— Analyses  lettered  X  Y  and  Z  in  the  above  table  were  made  by  Prof. 
Norman  Robinson,  formerly  State  Chemist  of  Florida. 

The  figures  in  heavy  type  in  the  table  are  the  coanty  aver^es.  The  figures  in 
heavy  type  opposite  the  tOMl  average  represent  the  average  of  all  soils  included, 
independent  of  counties. 
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When  the  samples  referred  to  aboye  are  omitted 
from  the  county  averages  in  the  counties  in  which  they 
occur,  the  ayeragea  of  such  counties  will  then  become : 

BreyardCo.,  Lime 0905. 

Lee         "        ''      0269.      Phosphoric  acid,  .0220 

Polk        "        "      "  "      .1074 

Oeeairenee  of  Maek  Deposits. 

• 

All  oyer  Florida  there  occur  deposits  of  rich,  muck 
land  of  greater  or  lees  extent  In  the  peninsular  portion 
of  the  State,  especially,  there  are  yast  d^posits  which 
chemical  analyses. haye  shown  to  be  of  excellent  quality. 
The  principal  muck  lands  of  the  peninsula  extend  from 
near  the  southern  border  of  Orange  County,  southward, 
far  into  the  Everglades.  South  of  Lake  Okeechobee;  these 
lands  have  already  been  surveyed  for  a  distcmce  of  more 
than  fifty  miles  and  found  to  be  of  a  high  character.  Prior 
to  1882,  little  had  been  done  towards  reclaiming  any  of 
the  yast  muck  area  above  mentioned,  and  it  was  general- 
ly regarded  as  of  no  value  for  agricultural  purposes. 
Much  of  it  was  under  water,  the  greater  portion  of  the 
time,  and  all  of  it  was  too  much  saturated,  all  the  while, 
to  admit  of  cultivation.  About  fifteen  years  ago,  Mr. 
Hamilton  Disston,  of  Philadelphia,  interested  himself  in 
these  lands  and  inaugurated  extensive  plans  for  reclaim- 
ing large  areas,  situated  principally  in  Osceola  County » 
by  means  of  drainage  canals.  As  a  result  of  the  enter- 
prise of  that  gentleman,  several  thousand  acres  of  the 
muck  lands  of  the  above  county  have  been  reclaimed  and 
are  now  successfully  devoted  to  the  culture  of  sugar-cane^ 
rice,  and  to  market  gardening,  etc.  Several  thousand 
additional  acres  have  been  drained  and  only  await  the 
additional  essential  preliminary  treatment  before  being 
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ready  for  profitable  cultivatioiL  Owing  to  the  favorable 
topography  of  the  country,  Mr.  Disston  experienced  no 
very  great  difficulty  in  accomplicihing  the  drainage  of  the 
territory  referred  to  above.  All  that  was  necessary  was 
to  construct  canals  of  sufficient  capacity,  and  these  were 
constructed  with  comparative  ease.  As  will  be  seen 
further  on,  to  drain  some  of  these  rich  muck  areas 
will  present  a  more  difficult  problem,  and  involve  more 
expensive  methods.  Still,  the  drainage  of  the  greater 
portion  of  these  vast  areas,  is  entirely  feasible,  and  will 
be  accomplished  before  very  many  years  have  elapsed. 

The  Lake  Hart  Maek  Beglon. 

The  first  area  comprised  in  Mr.  Disston's  scheme 
of  drainage,  and  which  is  now  complete,  is  known  as 
the  Lake  Hart  r^on.  Lake  Hart  it  situated  near  the 
southern  boundary  of  Orange  County.  This  lake  is  on  the 
watershed  between  the  headwaters  of  the  St  Johns  and 
Kissimmee  rivers.  The  Lake  Hart  region  is  drained  by 
means  of  a  canal  northward  into  the  St  Johns. 

The  Osceola  Mack  Deposits. 

All  of  the  muck  area  of  Osceola  yet  drained,  is 
situated  in  the  northwestern  part  of  the  county,  and 
is  drained  southward. 

A  few  miles  south  of  Lake  Hart,  near  the  northern 
border  of  Osceola  county,  is  situated  Lake  East  Tohope- 
kaliga.  This  lake  is  connected  by  canal  with  Lake  Toho- 
pekaliga  on  the  northern  margin  of  which  is  located  the 
town  of  Kissimmee.  This  lake  has  also  been  connected 
on  its  southern  border  by  canal  with  Lake  Cypress,  lying 
south  of  it,  and  Lake  Cypress,  in  turn,  with  Lake  Kis- 
simmee, still  further  south.  The  area  described  is  al- 
ready drained  and  much  of  it  is  now  in  successful  culti- 
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vation.  Immediately  east  of  Lake  East  Tohopekaliga, 
begins  another  series  of  lakes^  between  which  canals  have 
either  been  completed,  are  in  process  of  constmction,  or 
else,  are  projected.  Beginning  at  the  north  this  series 
comprises  the  following  lakes:'*'  Myrtle,  Preston,  Joel, 
Tront,  Lost,  Lizzie,  AlUgator,  Mud  and  Gentry.  The 
latter  lake  is  also  to  be  opened  into  Lake  Cypress.  When 
this  series  of  lakes  are  connected,  upward  of  fifty  thousand 
acres  of  rich  muck  land  will  be  reclaimed. 

The  Klsslmmee  River  Mack  Lands. 

Another  rich  muck  area  is  found  along  the  Kissim- 
mee  river,  which  connects  Lake  Kissimmee  with  Lake 
Okeechobee.  On  an  air  line,  the  distance  between  these 
lakes  is  about  eighty  miles,  but  the  winding  course  of  the 
river  makes  the  distance  about  one  hundred  and  fifty 
miles.  On  both  sides  of  the  river  occur  rich  muck  de- 
posits which  gradually  pass  into  the  sand  and  pine  lands 
lying  back  of  them.  Unfortunately,  the  drainage  of  the 
these  lands  is  both  a  more  difficult  and  expensive  under- 
taking than  was  the  case  with  the  area  previously  des- 
cribed. Owing  to  their  peculiar  location,  it  is  impossible 
to  drain  these  lands  by  the  ordinary  canal  system.  This 
is  due  to  the  fact  that  the  level  of  the  river,  even  at  low 
water,  is  almost  the  same  as  the  level  of  the  muck  lands 
bordering  it,  while  during  the  ''rainy  season"  (i.  e.,  from 
June  until  October)  the  river  assumes  the  form  of  a  lake, 
and  spreads  over  wide  areas.  Under  such  circumstances 
the  only  practicable  way  to  accomplish  the  drainage  of 
the  land  would  be  to  construct  levees,  such  as  are  extens- 
ively used  on  the  Mississippi  ri\rer  below  New  Orleans, 
along  the  Kissimmee,  and  employ  pumps  to  remove  the 
water.     Such  systems  of  drainage  are  now  widely  prac- 

*PoMi1)Iy  the  names  of  some  of  these  lakes  hare  been  recently  changed. 
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tioed  in  localities  where  the'  difficulties  in  the  way  of 
canal  drainage  are  identical  with  those  presented  in  this 
instance,  and,  as  has  been  stated,  it  is  only  a  question 
of  a  few  years  before  this  system  of  drainage  will  be 
practiced  along  the  Kissimmee  river. 

The  Okeechobee  Mack  Deposlte. 

The  next  large  muck  deposits  (probably  the  largest 
in  the  world)  extend  firom  the  southern  boundary  of  Lake 
Okeechobee,  far  into  the  Everglades.  On  the  northern 
shores  of  this  lake,  there  is  very  little  muck,  but  nearer 
the  southern  border  the  deposit  increases  in  width  and 
depth  until  south  of  the  lake  they  constitute  those  vast 
formations  that  form  the  northern  border  of  the  Ever- 
glades. The  extent  of  this  area  is  not  known,  but  the 
muck  formation  occurs  extensively  in  Osceola  County,  as 
well  as  in  DeSoto,  Dade,  Lee,  etc.  To  drain  these  lands 
would  be  a  huge  undertaking.  Two  methods  have  been 
proposed  for  accomplishing  this  result.  One  contem- 
plates the  drainage  of  Lake  Okeechobee  by  cutting  a 
canal  from  its  southern  border,  southward  through  the 
muck  deposits  into  the  Everglades.  Wiley  (Agricultural 
Science,  page  109)  estimates  that  a  canal  which  would 
answer  all  purposes  during  the  rainy  season  would  need 
to  be  about  300  feet  wide  and  twelve  feet  deep.  This  would 
seem  to  be  a  more  economical  plan  than  constructing  a 
canal  to  the  Atlantic  ocean  from  the  eastern  border  of 
the  lake.  The  length  of  a  canal  to  the  ocean  would  not 
be  less  than  forty  miles,  and  would  pass  through  sand  all 
the  way.  To  cut  a  canal  through  this  sand  would,  of 
course,  be  more  expensive  than  cutting  through  the  muck 
beds.  Wiley  estimates  that  a  canal  into  the  Everglades 
of  the  dimensions  he  proposes  would  permanently  lower 
the  water  level  of  the  lake  six  feet,  which  would  be 
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ample  to  render  thi^.vast  tract  of  muck  land  available 
for  agncnltural  pursuits. 

The  second  pl^^  for  ^i^aining  tb^se  Ian4s  ip  one 
which  is  alr^y  in  opieration.  It  contexnplates  the  4rain- 
age  gt  only  a  portion  of  the  muck,  area  on  the  southwestr 
em.  border  of  Lake  Okeechobee,  embracing  as  yet^  pnly 
the  Hicppchee  and.  Okeechobee^  sugar  lands,  .j^k?  Hie- 
pochee  is  about  six  miles  distant  from  Lake  Okeechobee, 
and  1^  canal  has  alrea47  been .  constructed  between  them^ 
Another  canal,  eighteen  miles  in  length,  has  also  been 
constructed  from,  th^  .fonner  lake  to  another  point  on 
Lake  Okeechobee..  These,  with  a  few  minor  exceptions, 
are  the  principal  improvements  that  have  thus  far  been 
inaugurated  with  a  view  to  recovering  this  fertile  terri- 
tory and  placing  it.  at  the  d^spqeal  of  th^  farming  classes. 
The  Unmense  pojubiUties  of  this  section  of  Florida  can- 
not be  conjectured,  and  yhen  these  vast  areas  are  madei 
ready  to  respond  to  scientific  efystems  of  cultivation,  these 
great  muck  formations  are  sure  to  be  prominent  among 
the  most  fertile  lands  in  the  United  States.  Other  muck 
areas  of  smaller  dimensions  occur  throughout  the  penin* 
sula,  and  anijyses  of  a  nupiber  of  them  are  given  in  a 
subsequent  .table. ,  It  will  be  observed  that  many  of  them 
are  of  an  exceedingly  fertile  character.  .  Not  only  are 
they  well  supplied  with  nitrogen,  but  they  also  contain 
relatively  large  supplies  of  both  phosphoric  acid  and  lime. 
Only  in  potash  do  they  itppear  to  be  seriously  deficient. 
In  ti^e  case  of  the  large  formations  described  at  length 
above,  it  appears  that  only  nitrogen  is  present  in  them 
in  sufficient  quantity.  When  the  latter  lands  are  culti- 
vated, it  will  only  be  a  short  while  before  applications 
of  phosphoric  acid  and  potash  will  have  to  be  made, 
Lime  will  need  to  be  employed  from  the  beginning. 
More  along  these  lines  will  be  said  under  the  discussion 
of  the  separate  analyses. 
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OrtKln  of  Hiek  Tomations. 

It  is  well  known  that  muck  fonnations  occur  in  lo- 
cations where  organic  matter  is  allowed  to  undergo  slow 
decay.  Hence,  tiiere  is  usually  a  tendency  towards  the 
accumulation  of  the  material  in  marsh  regions,  or  in 
shallow  water.  Here  in  Florida,  the  muck  soils  are  usu- 
ally found  about  the  margins  of  lakes.  Throughout  the 
rainy  season  each  year,  the  marshes  bordering  these  lakes 
are  partly  covered  with  water,  and  always  contain  a  lux- 
uriant growth  of  vegetation.  The  vegetation  is  protected 
from  fire  by  the  water,  and  hence  the  accumulation  of  it 
is  constantly  increasing,  and  by  the  several  natural 
agencies,  is  gradually  compacted  into  a  uniform  mass. 
It  is  customary,  locally,  to  divide  the  muck  deposits  of 
the  state  into  two  varieties,  viz :  saw-grass  muck  and  bay- 
head  muck.  True,  there  are  several  intermediate  varie- 
ties, but  the  above  popular  classificatioQ  is  sufficiently  ac- 
curate for  all  purposes.  It  not  only  acquaints  us  with 
the  origin  of  the  deposits,  but  also  with  the  conditions 
under  whick  they  were  produced.  The  bay-head  muck 
is  formed  in  partially  submerged  swamps  where  the  bay 
tree,  or  laurel,  is  plentiful,  forming  the  most  conspicuous 
growth,  and  where  numerous  other  varieties  of  aquatic 
trees,  shrubs,  vines,  reeds,  grasses,  ferns,  and  mosses 
abound.  Vegetation  of  the  above  character  has  been 
constantly  dying  and  accumulating  under  these  condi- 
tions for  indefinite  ages,  and  has  gradually  been  com- 
pacted into  masses  of  vegetable  mold,  or  muck.  The 
saw-grass  muck  derives  its  name  from  the  semi-aquatic, 
sedge-like  grass  of  the  same  name,  from  whose  decaying 
leaves  and  roots  it  is  very  largely  formed.  Robinson  de- 
scribes it  as  ''a  coarse,  rank-growing,  almost  reed-like 
grass,  possessing  leaves  which  are  stiffened  by  folding 
back  upon  themselves,  and  by  means  of  their  sharp,  ser- 
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rate  edges  are  enabled  to  kill  or  crowd  out  other  forms 
of  vegetation  and  appropriate  the  land  to  its  own  growth.'^ 
In  its  matured  state,  on  accoont  of  its  exceedingly  coarse 
teztore,  it  cannot  serve  either  as  pasture  or  forage  Rob- 
binson  suggests  that  it,  periiaps,  might  have,  in  pre-his- 
toric  times,  ''proved  a  toothsome  morsel"  for  the  mam- 
moth and  the  mastodon,  ''but,"  he  adds,  "the  Florida 
steer,  who  considers  wire-grass  a  delicacy,  draws  the  line 
on  this  vegetable  combination  of  knives,  saws  and  dag- 
gers." He  also  asserts  that  it  appears  to  him  that  saw- 
grass  exists  for  the  sole  purpose  of  producing  the  richest 
muck  in  the  world,  for  it  is  well  known  that  deposits  of 
the  material  of  the  saw-grass  variety  are  usually  more 
fertile  than  those  included  in  the  other  division.  It  usu- 
ally contains  nearly  twice  as  much  of  the  costly  element, 
nitrogen,  as  does  stable  manure,  and  where  it  is  intelli- 
gently employed,  the  results  from  its  use  are  always  sat- 
isfactory. While  the  saw-grass  variety  is  usually  the 
richer,  it  must  not  be  inferred  that  the  bay-head  muck  is 
a  valueless  material.  This  latter  muck  possesses  muCh 
agricultural  merit  When  the  swamps,  where  it  occurs, 
are  drained,  and  placed  in  a  suitable  state  for  cultivation, 
they  invariably  make  most  excellent  garden  lands,  and 
contain,  relatively  large  supplies  of  nitrogen.  Wiley 
(Agricultural  Analysis,  Vol.  I,  page  59)  gives  the  follow- 
ing list  of  grasses,  weeds,  etc.,  as  the  principal  growths 
now  going  to  make  up  the  large  muck  areas  of  Florida: 

COMMON  NAME8—  BOTANICAL   NAMES— 

Saw-graas.  Oladiom  efltunim. 

Tellow  pond  lily,  Nymphea  flava. 

Maiden  cane  grass.  Panlcum  cnrtiBii. 

Alligator  Wampee.  Pontederia  cordata. 

Sedge.  Cypems  species. 

Fern  brake.  Osmonda  species. 

Mallow.  Malva  species. 

Broom  sedge.  Andropogon  sx)ecies. 

Arrow  weed.  Sagittaria  species. 
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The  above  list  includes  only  the  principal  growths. 
It  is  not  likely  that  the  present  growth  upon  the  differ- 
ent mack  areas  inclades  all  plants  that  have  .previously 
entered  into  the  formation  of  the  muck. 

Conditions  Inflaenclng  Mack  Formation. 

The  changes  which  result  in  the  transition  of  vege- 
tation into  muck  are  influenced  very  largely  by  tempera- 
ture and,  probably;  to  a  less  extent,  by  the  presence  of 
compounds  of  iron  and  sulphur.  It  is'  mainly  the  differ- 
ence in  temperature  prevailing  in  the  respective  sections 
that  accounts  for  the  superior  quality  of  Florida  mucks 
over  the  principal  deposits  occurring  in  the  northern 
states.  In  many  northern  inuck  beds,  all  the  conditions 
are  most  favorable  to  the  accumulation  of  deposits  of  ex- 
cellent quality,  save  that  of  temperature.  The  vegeta- 
tion from  which  the  material  is  formed  in  northern 
climes,  is  fairly  rich  in  nitrogen,  and  contains  the  salts 
of  iron,  sulphur,  etc.,  but  the  resulting  product  is  not 
so  rich  as  the  muck  which  is  formed  here.  It  is  nbticeable 
that  the  fiEirther  south  the  samples  are  taken  for  analysis, 
as  a  rule,  the  larger  becomes  the  proportion  of  nitrogen 
in  the  deposits,  and  the  more  concentrated,  so  to  speak, 
becomes  the  material.  That  the  difference  in  tempera- 
ture of  the  widely  separated  locations  in  which  the 
formations  occur  has  a  great  deal  to  do  with  the  vari- 
able composition,  cannot  be  doubted.  Carbon  dioxid 
and  Marsh  gas  are  produced  very  slowly  below  a  tem- 
perature of  60  degrees  F.,  and  in  northern  latitudes, 
therefore,  it  is  only  during  several  months  of  the  year 
that  the  process  of  sub-aqueous  decay  is  at  all  rapid. 
In  Florida,  the  temperature,  a  foot  under  water,  seldom 
falls  below  60  degrees  F.,  and  usually  it  is  about  80  or 
90  degrees,  and  under  these  conditions  it  is  very  likely 


A 

X 


< 


n 

CO 


o 


I 


o 
c 


!  -  S 


V 


I 

IS 

f  I 


& 

^  ? 

^       A 

^ 


3^ 


II 


I 


?     ^ 


CQ  a 


1 


f  ! 

2    « 


s 


« 


g 


1   s 


fO 


«D 


®  iT  ^      fl   «. 

fl9  !«  O     s    ^ 


ff| 


cr   r 

X 


R 


&3 
I 


^ 

^ 


^  9  S  *r  -  C  >«  i  5<  i^  ?    -^c 


c  C!    o  c;  o 


o  o 


c«::^ 


c-      &- 


5  5  3  5  5 


o5      5 


a; 


oe55o         CO      5o 


o  5  o  o  o  5 


g 


09^1  cc      .'  £; 


t 


OOOOMOOO^     A     ^  :D  rC 


C4 

s 


Cd 


M 


Al 


94 


;fs 


1^ 
O 


•  ft  • 

X  Ol     (» 


X 

AM 

o 


$ 


•         •         • 


■    X 

«  •  • 

X  ^«) 

Isl 


<At  ifi  ^    ^O^^^^^tt      ^      ^  *>*  «•« 
*^  X'TC    ^it^^^^^D     t«    O  S  flP 


at 

<C  J-l  Cl    — 


a 

'i  r 


< 


o    i? 


'^ 


a 

*i 


09 

cc    5 


CO     ^ 


{ 


t 


I 


■    «: 

!     :    ^ 
I     .    ts 

\  "    o 

I*  ^ 


E 


£   s 


gr-  c  t-  i-i  i:  ^  Tw     -:.   7c  .'t  i-  5  c 
OO    t?XOOOT-'-X    «-»  ^J  ^l#  O  O 


b 

D 


2.   * 


.«c 


O 
C 

& 

I 

SiS 


D    < 

n 

''I 

cc 

a: 
«< 


•4    •! 

^-3 


X  9 

^   O  O  Q  CD 

S  u  •    3  S, 


o  o  o 
fo  o  cc 


^  o 


3C 


w^S3C'frS5XG?flC  o© 
»-oc<fc©s2^-»crc  ©^ 


:^" 


(C   (f 


«*^-^©S3C«-i©£C    ©♦r 

-*»  "^.H,  -1  ©ic 


!i 


s 


s 


If 


a 

r  ■§ 


9 


S    I 


Be      •,«.        • 
5-    tfC    ,    t- 


■^       © 

•  s  • 


© 

CO 


IT  ©  *-»  X  ©  ©  ©  © 

to  ©  «C  CC  ^J  CI*  C-  © 

©•-r©©-^  t-rfOH' 

3C  --1  "-r  « 


s 


re     B 


©  ©  ro      ro  -»  C'j  ©  ©  TJ  ©  ^ 


§5 


J:  3:  -^  ©  -J  ic  '1  c  Ti  -'1  ©  rc  ©  ©  © 

2l&^si'*'^y©do<:oi>?C:    COT-i  t^ 
op^^C("^-»??©©'r'©-ctfcrca:         a: 


-3 


•4 

to 

2.  Ox 


D   w- 

'"' 

fc  -   ty 

GT 

Ok  o 

:    {^ 

w,o  3- 

•    c 

a5^ 

PuCi. 

^^    c 


_  ^x  u 


9    O 

^  © 
© 


« 3, 


"^  ®  « 


c 

> 

3 


-      Ql. 


2. 

i< 

& 

i 

a: 


a 
o 

a 

< 
O 

C 


& 


c 


C 

X 

c 
< 


c 

c 


^ 
^ 
s 

c 


5 

w 


o 


II 


689 

that  the  process  of  decomposition  is  quite  rapid  and 
well  nigh  continnons,  and  so  it  is  that  to  this  fact  is 
largely  due  the  presence  in  our  midst  of  almost  incal- 
culable areas  or  muck  lands  of  superior  quality.  In  a 
recent  paper,  Robinson  has  contributed  a  very  original 
theory  to  account  for  the  influence  of  the  salts  of  iron  and 
sulphur  in  promoting  the  changes  that  occur  in  the  trans- 
formation of  vegetable  matter  into  muck  and  by  which 
its  fertility  is  enhanced.  In  this  connection  he  writes : 
*'  The  key  to  these  changes,  to  a  certain  extent,  at  least, 
is  found  in  the  abundant  presence  of  iron  €md  sulphur. 
The  ferrous  and  ferric  salts  have  played  a  triple  role. 
First,  they  have  acted  their  well-known  part  as  oxygen- 
carriers — ^ferrous  and  ferric  sulphate  being  reduced  by 
organic  matter  to  ferrous  sulphid,  and  again,  in  turn,  un- 
der the  faybrable  conditions  present,  oxidized  into  sul- 
phate; second,  in  conjunction  with  alumina,  they  have 
aided  in  fixing  any  volatile  nitrogen  compounds  that 
may  have  been  formed ;  and,  third,  they  have  been  active 
gatherers  of  phosphoric  acid  and  potash  from  solution  in 
the  surrounding  water. '' 

The  superior  physical  character  of  Florida  muck 
which  gives  to  it  a  high  value  as  an  absorbent,  etc., 
need  not  be  discussed  in  this  place.  It  is  now  in  or- 
der to  consider  the  separate  analyses  of  the  different 
muck  samples  reported  in  the  table,  which  is  subse- 
quently inserted^ 

Referring  to  the  table,  sample  No.  16  was  sent  from 
Dade  County,  and  is  a  mixture  of  soil  and  sub- soil  to  a 
depth  of  three  feet.  It  was  forwarded  by  Mr.  F.  P.  Wil- 
son of  Lemon  City.  The  growth  upon  it  is  principally 
saw-grass,  interspersed  with  maiden  cane,  thistles,  lilies, 
etc.  It  appears  to  be  seriously  deficient  only  in  pot^tsh. 
It  is  unusually  rich  both  in  nitrogen  and  lime,  and  is 
quite  well  supplied  with  phosphoric  acid,  and  contains 
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only  a  trace  of  chlorin.  With  proper  preliminary  treat- 
ment it  will  prove  exceedingly  prodnetiye. 

Samplee  Noe.  63  and  54  are  the  soil  and  sab-soil,  re- 
spectively, of  a  sample  of  reclaimed  bay  muck.  They 
were  forwarded  by  Mr.  B.  E.  Rose  of  Kissimmee.  The 
soil,  proper,  was  taken  to  a  depth  of  fourteen  inches,  and 
the  sub-soil  from  fourteen  to  thirfy  inches,  when  a  white 
sand  formation,  interspersed  with  clay,  occurred.  The 
growth  upon  it  was  bay,  cypress,  willow,  maple,  etc.,  and 
the  soil  proper,  was  much  more  thoroughly  decomposed 
than  the  sub*soil,  the  latter  being  of  a  very  fibrous  char- 
acter. It  is  rich  in  nitrogen,  and  contains  a  moderate 
supply  both  of  phosphoric  add  and  Ume.  It  is  very  de- 
ficient in  potash,  and  the  latter  will  doubtless  have  to  be 
the  first  form  of  commercial  fertilizer  applied. 

Samples  Nos.  90  to  98,  inclusive,  were  analyzed  in 
the  laboratory  of  the  Department  of  Agriculture  at  Wash- 
ington, D.  C,  under  the  supervision  of  Dr.  H.  W.  Wiley ^ 
CMef  Chemist.  They  are  taken  from  Agricultural  Sci- 
ence, page  119.  Nos.  90,  91  and  92  were  taken  from  the 
same  spot,  near  the  back  of  the  muck  land  and  bordering 
the  pine  forest,  No.  90  was  taken  to  a  depth  of  one  foot. 
No.  91  was  taken  immediately  underneath  No.  90,  to  a 
depth  of  two  feet,  and  No.  92  beneath  No.  91,  to  a  depth 
of  three  feet.  Each  sample,  therefore,  represents  a  foot  of 
depth,  and  the  average  of  the  three  would  represent  the 
composition  of  the  deposit  to  a  depth  of  three  feet,  at 
which  limit  a  sand  formation  was  encountered. 

Nos.  93,  94,  96  and  96  are  samples  taken  from 
the  front  of  the  station  ground,  where  the  muck  is  deeper^ 
in  precisely  the  same  manner  as  the  three  preceding  sam- 
ples. In  the  latter  instance  the  sand  formation  was  en- 
countered at  a  depth  slightly  over  four  feet.  The  aver- 
age of  the  four  analyses  in  this  instance  would  represent 
the  composition  of  the  muck  bed  to  a  depth  of  four  feet. 
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Sample  97  was  taken  from  the  orchard  of  the  St. 
Cloud  plantation,  four  bules  west  of  the  station.  The 
sample  was  taken  only  to  the  depth  of  usual  tillage,  in 
order  to  determine  the  effect  of  tillage  on  the  comporition 
of  the  muck.  This  land  had  been  for  five  years  in  culti- 
vation, chiefly  in  vegetables,  but  more  recently  in  grape 
vines. 

No.  98  was  taken  from  a  field  that  had  been  con- 
stantly devoted  to  the  culture  of  sugar  cane  for  five  years: 
It,  too,  was  taken  only  to  the  depth  of  tillage. 

Nos.  90,  91  €md  92  constitute  a  soil  of  a  deep  black 
color,  and,  when  wet,  it  is  very  compact,  and  it  is  always 
retentive  of  moisture.  Nos.  93,  94,  96  and  96  compose  a 
soil  of  a  brownish  black  color,  and  which  is  less  compact 
and  more  easily  drained.  It  will  be  noticed  in  the  case 
of  the  first  soil  that  the  per  cent,  of  organic  matter  de- 
creases with  each  successive  layer,  there  being  only  13.36 
per  cent  of  this  material  in  the  layer  next  to  the  sand. 
In  the  case  of  the  second  sample,  hower,  it  will  be  no- 
ticed that  the  per  cent,  of  organic  matter  is  actually 
greater  at  depths  of  two  and  three  feet  than  at  the  surface. 
As  is  usually  the  case,  the  percentage  of  nitrogen  varies 
quite  regularly  with  that  of  the  volatile  matter  in  both 
samples  of  the  station  soil.  The  actual  form  in  which 
the  nitrogen  exists  was  not  determined  in  the  case  of  any 
sample  reported  in  the  table,  but  it  is  not  likely  that  any 
considerable  portion  of  it  is  present  in  the  form  of  ni- 
trates, since  the  natural  condition  of  the  mucks  is  not 
very  favorable  to  nitrification.  In  those  soils  where  lime 
is  present  in  largest  quantities  it  is  likely  that  nitrifica- 
tion has  progressed  most  rapidly,  and  where  this  sub- 
stance is  deficient  in  soils  it  will  doubtless  be  the  case 
that  applications  of  it  will  materially  increase  the  nitrify- 
ing process.  It  will  be  noticed  that  all  analyses  made  at 
the  Government  Laboratory  show  the  samples  to  be  defi- 
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dent  in  ^phosphoric  acid,  potash  and  lii^e.  Especially 
noticeable  is  the  absence  of  lime,  and  this  and  potash, 
doubtless,  are  the  chief  things  needed  in  these  soils.  It 
will  also  be  noticed  that  in  the  case  of  the  cultivated  soils 
the  percentages  of  iron  and  alunuAa  ^are  very  much 
higher.  It  is,  deemed  unnecessary  to  further  consider  the 
an^yses  of  the  Osceola  County  mucks.  All  analyses  of 
samples  reported  from  this  county,  which  were  made  un- 
der the  supervisioi^  of  Dr.  Wiley,  were  taken  from  the 
vast  tract  of  reclaimed  Osceola  muck  land  described  in 
the  preceding  pages. 

Sample  No.  35  was  forwarded  by  Mr.  J.  H.  Tatum, 
of  Bartow.  It  was  collected  to  a  deptii  of  four  feet  about 
725  feet  south  of  Lake  Himcock..  Below  this  depth  was 
encountered  the  usual  sand  formation.  The  growth  upon 
it  is  bay,  live  oak,  hickory,  magnolia,  and  other  ham- 
mock  growth.  The  muck  lands  are  nearly  two  feet  lower 
than  the  water  of  Lake  Hancock.  On  this  account  drain- 
ing them  will  be  somewhat  expensive,  but  can  readily  be 
accomplished  by  a  method  applicable  to  such  a  case  which 
is  referred  to  in  a  previous  place.  The  analysis  shows  the 
Sample  to  be  exceedingly  rich  in  nitrogen  and  lime,  €md 
deficient  in  phosphoric  acid  and  potash.  These  latter 
mateiials  will  be  the  first  that  it  will  be  necessary  to 
replenish  when  the  soil  is  subjected  to  cultivation. 

Samples  R,  S  €md  T  were  analyzed  by  Prof.  Norman 
Robinson,  of  Orlando.  In  the  light  of  what  has  already 
been  said  it  is  deemed  unnecessary  to  comment  on  them 
further  than  to  remark  upon  their  high  contents  of  nitro- 
gen and  lime,  and  in  the  case  of  the  two  latter  samples^ 
the  relatively  large  per  cent,  of  phosphoric  acid.  Only  in 
potash  do  they  appear  to  be  noticeably  deficient 

Samples  Nos.  23  and  24  were  forwarded  from  Lake 
County  by  Messrs.  Tongue  &  Geiger,  who  reside  at  Kil- 
larney.     No.  23  is  popularly  known  as  bay  muck  land 
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and  No.  24  as  siw-grass  muck.  The  latter  is  reclaimed 
land  from  what  was  once  the  bottom  of  Lake  Apopka. 
The  growth  upon  the  former  is  white  bay,  magnolia, 
sweet  gum,  ash,  etc.  The  water  level  stands  at  a 
depth  of  about  two  and  a  half  feet  below  the  surface  and 
it  is,  to  all  appearances,  well  drained.  It  would  seem 
from  the  high  per  cent,  of  chlorin,  however,  that  this  is 
not  the  case.  It  is  generally  agreed  that  if  chlorin  occurs  in 
as  great  a  proportion  as  one  part,  per  thousand  of  soil,  it  is 
injurious  to  vegetation.  The  sample  is  noticeably  rich 
in  phosphoric  add  and  lime,  and  contains  a  good  supply 
of  nitrogen^  and  is  deficient  only  in  potash.  With  the 
removal  by  drainage  of  the  surplus  salt  (sodium  chlorid) 
this  land  should  be  very  fertile  and,  after  the  proper  pre- 
liminary treatment,  it  ought  to  produce  large  yields.  No. 
24  also  appears  to  be  well  drained,  but  it,  too,  contains  a 
rather  high  per  cent,  of  chlorin,  though  hardly  enough 
to  render  its  presence  very  detrimental.  The  sample  is . 
quite  rich  in  nitrogen  and  lime,  very  deficient  in  potash 
and  somewhat  so  in  phosphoric  acid.  Its  failure  to  pro- 
duce in  the  past,  if  it  has  been  properly  fertilized  and 
intelligently  cultivated,  is  not  apparent  from  the  analysis. 
This  includes  all  samples  of  muck  reported  in  the 
table,  and  it  is  hoped  that  the  analyses  and  comments 
will  prove  of  much  value  to  those  who  are  interested  in 
the  cultivation  of  muck  lands.  It  is  deemed  advisable 
to  insert  just  here  a  few  brief  suggestions  in  referdnce  to 
cultivating  muck  laods,  and  the  reader  is  asked  to  give 
them  careful  attention. 

Some  Hints  on  Caltivatlng  Muck  Lands. 

It  is  popjilarly  supposed  that  what  are  known  as 
muck  lands,  some  of  which  are  covered  with  water 
throughout  the  greater  portion  of  the  year,  are  valueless 
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for  farming  purposes.  There  could  be  no  greater  delu- 
sion. In  many  cases  the  excess  of  water  does  prevent 
their  successful  cultivation,  but  in  nearly  all  cases  this 
surplus  water  can  be  easily  removed,  and  the  land  thus 
brought  one  step  nearer  the  ideal  state  for  cultivation. 
In  all  ordinary  cases  the  removal  can  best  be  accom- 
plished with  either  tile  or  open  drains,  and  attention  to 
drainage  should  always  be  the  first  step  in  the  reclama- 
tion of  these  lands.  If  this  matter  is  attended  to,  it  is 
not  likely  that  serious  difficulty  will  be  encountered  in 
bringing  them  to  a  high  state  of  fertility.  In  the  event 
that  they  fail  to  produce  satisfactorily  after  the  drainage 
question  has  been  settled,  the  defect  may  arise  from  one 
or  two  causes.  Either  they  contain  excessive  amounts  of 
some  substances,  such  as  protoK)xid  of  iron,  which  is 
known  to  be  poisonous  to  plants,  or  else,  the  soil  is  defi- 
cient in  some  available  form  of  plant-food.  It  sometimes 
happens,  though  rarely,  that  tiie  former  difficulty  arises 
with  soils.  When  the  proto-oxid  of  iron  does  occur  in 
excessive  amounts,  the  fact  can  be  easily  detected  by  the 
unusually  dark  color  of  the  soil,  which  also  will  straighten 
assume  a  reddish  tinge  when  fresh  portions  of  it  are 
exposed  to  the  air.  Such  exposure  causes  the  lower  oxid 
(proto-oxid)  of  iron  to  acquire  an  additional  amount  of 
oxygen,  and  become  converted  into  the  higher  ''  sesqui- 
oxid"  form  which  is  entirely  harmless  to  vegetation. 
Where  this  difficulty  arises  with  a  soil,  it  is  easy  to  see 
that  the  remedy  is  very  simple.  It  will  only  be  neces- 
sary to  thoroughly  pulverize  and  work  the  soil  from  time 
to  time  so  as  to  expose  fresh  portions  to  the  air.  In  this 
way  the  chemical  change  noted  above  will  proceed  with- 
out difficulty.  Oftien,  frequent  deep  plowing  and  har- 
rowing during  a  single  season  will  suffice  to  bring  about 
the  desired  change  in  this  objectionable  form  of  iron  oxid. 
When  this  difficulty  has  been  remedied,  and  the  mechan- 
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ical  tilth  of  the  land  properly  attended  to,  the  failure  of 
muck  lands  can  usually  be  attributed  to  a  deficiency  of 
available  plant-food.  This  deficiency  will  need  to  be 
supplied  by  applications  of  the  proper  fertilizers.  These 
are  the  chief  problems  that  confront  the  farmer  who 
undertakes  the  reclamation  of  soils  of  this  character,  and 
by  giving  proper  attention  to  the  several  points  to  which 
attention  has  been  called,  it  ought  to  be  an  easy  matter 
for  him  to  bring  all  such  lands  into  a  profitable  state  for 
cultivation. 
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How  to  Condaet  Field  Expertments  with  Fertilizers. 

Few  questions  are  more  frequently  asked  by  the  in- 
telligent farmer  than  "What  fertilizer  does  my  soil 
require?"  "Is  it  deficient  in  only  one  pr  two  forms 
of  plant-food,  or  is  it  deficient  in  each  o;f  the  three 
that  it  is  frequently  necessary  to  apply  ?"  Probably  no 
Experiment  Station  has  escaped  these  queries,  and  the 
same  questions  will,  doubtless,  be  asked  many  times  in 
the  future.  In  asking  these,  farmers  suppose  that  they 
can  be  readily  answered  simply  by  analyzing  the  soil. 
Unfortunately,  however,  as  has  been  already  stated,  the 
methods  of  soil  analysis  have  not  been  sufficiently  per- 
fected to  furnish  entirely  accurate  information  upon  this 
point.  It  has  already  been  stated  that  a  chemical  analy- 
sis will  show  the  total  amount  of  plant-food  present  in  a 
soil,  but  it  will  not,  in  the  majority  of  cases,  allow  us  to 
draw  definite  conclusions  as  to  the  exact  quantity  of  this 
plant-food  which  occurs  in  a  readily  available  form.  The 
most  satisfactory,  and  indeed  the  only  method  by  which 
it  is  possible,  at  present,  definitely  to  determine  the  needs 
of  a  soil,  is  to  ask  questions  of  the  soil  itself,  by  conduct- 
ing practical  experiments  with  a  growing  crop  upon  it, 
fertilized  with  different  kinds  of  plant-food,  and  carefully 
noting  the  results.  Such  a  soil  test,  when  conducted  in 
an  intelligent  manner,  will  be  sure  to  yield  results  that 
will  be  of  much  practical  value  for  the  locality  in  which 
it  is  undertaken.  Strange  to  say,  it  has  been  a  difficult 
matter  to  induce  farmers  to  take  hold  of  such  experi- 
ments with  a  view  to  ascertaining  the  needs  of  their  soils. 
A  majority  of  them  seem  to  prefer  to  go  on,  refusing  to 
fertilize  at  all,  or  else  apply  fertilizers  indiscriminately 
and  extravagantly,  without  regard  to  what  the  soil  may 
actually  need. 

For  some  reason,  farmers  have  looked  upon  such 
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experiments  as  something  too  costly  and  too  complicated 
for  them  to  undertake,  and  consequently  they  have  pre- 
ferred to  continue  to  use  fertilizers  in  a  reckless  and  hap- 
hazard manner,  and  at  a  great  financial  disadvantage. 
As  a  matter  of  fact,  conducting  such  experiments,  while, 
of  course,  demanding  care,  exactness  and  attention,  is 
neither  so  difficult  nor  so  expensive  as  many  have  sup- 
posed. To  carry  them  on,  in  accordance  with  the  plan 
hereinafter  given,  would  only  involve  the  use  of  eight 
small  plots,  and  it  need  not  necessarily  continue  for 
more  than  three  years.  It  would  seem  that  this  would 
be  a  very  small  price  to  pay  for  knowledge  which  might 
save  an  unnecessary  expenditure  of  large  amounts  of 
money  for  fertilizing  ingredients  which  might  be  already 
present  in  the  soil  in  sufficient  quantity.  No  farmer,  in 
these  hard  times,  can  afford  to  spend  his  money  purchas- 
ing and  applying  fertilizing  materials  that  may  not  be 
required.  Experiments  conducted  as  hereinafter  de- 
scribed, will  help  any  farmer  to  acquire  an  accurate 
knowledge  of  the  needs  of  his  soil,  and  with  such  knowl- 
edge, he  will  be  able  to  buy  and  apply,  intelligently,  such 
fertilizing  materials  as  practical  tests  will  show  his  land 
to  require.  It  is  hoped  that,  at  least,  one  intelligent 
farmer  in  every  community,  will  study  the  plan  that  is 
given  here  closely,  and  see  if  it  will  not  be  wise  for  him 
to  conduct  an  experiment  upon  his  soil  and  learn  ex- 
actly its  condition  as  regards  fertility. 

For  the  convenience  of  any  who  may  desire  to  in- 
augurate such  experiments,  the  following  directions  are 
given  in  order  that  the  results  obtained  may  be  entirely 
trustworthy.  The  selection  of  the  field  and  of  the  experi- 
ment plats  in  the  field,  the  size,  shape  and  arrangement 
of  these  plats,  the  amount  and  variety  of  fertilizers  ap- 
plied, the  cultivation  and  the  method  employed  in 
recording  observations,  results,  etc.,  are  all  important 
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items  and  must  be  carefully  looked  after.  Each  of  these 
points  will  now  be  carefully  considered  : 

17^6  selection  of  the  field — ^The  field  selected  for  carry- 
ing out  the  experiments  should  be  of  uniform  character, 
and  should  have  received  the  same  fertilizer  treatment, 
and  produced  the  same  crop,  at  least  the  preceding  year. 
If  no  fertilizer  has  ever  been  employed,  it  will  do  equally 
as  well,  provided  the  same  crop  has  been  grown  upon  it. 
Indeed,  the  poorer  the  soil,  the  more  accurate  are  the 
results  likely  to  be. 

If  possible,  the  field  should  be  level,  or,  if  this  is  not 
practicable,  select  a  field  with  as  uniform  slope  as 
possible. 

It  should  also  possess  a  good  firm  sub-soil,  if  such  is 
to  be  had,  and  the  under  drainage  should  be,  at  least, 
fairly  uniform.  It  may  not  always  be  possible  to  secure 
land  answering  all  these  conditions,  but  it  should  ap- 
proximate as  near  as  practicable  all  the  points  noted. 

The  Size,  Shape  and  Arrangement  of  the  Plats. 

If  the  land  selected  is  of  uniform  character,  the  plats 
can  be  smaller  than  where  it  is  not  uniform,  and  where 
the  fertilizer  employed  in  preceding  years  has  pot  been 
identical  over  the  whole  strip. 

The  size  of  the  plat  will  also  be  influenced  by  the 
character  of  the  crop  to  be  grown  in  the  experiment. 
For  instance,  a  larger  plat  would  be  preferable  for  a  vine- 
yard than  for  corn,  cotton,  oats,  etc. 

Long  and  narrow  plats  are  preferred  to  square  ones 
because  frequently  these  are  dissimilar  strips  included  in 
the  area  selected,  and  if  the  plats  are  long  and  narrow, 
they  all  can  be  laid  out  so  as  to  include  this  unlike  strip 
and  thus  the  results  on  all  plats  will  be  affected  alike.  If 
possible,  the  land  selected  should  be  laid  out  so  that  each 
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plot  shall  extend  across  all  unlike  strips.  A  set  of  plats 
eighteen  feet  wide  and  tiro  hundred  and  forty-five  feet 
long  will  answer  for  most  purposes  in  the  case  of  ordi- 
nary field  crops.  Plats  of  these  dimensions  will  allow 
four  rows  of  corn,  cotton,  potatoes,  or  tobacco,  etc.,  with 
four  and-a-half  feet  between  the  rows.  There  would  then 
be  two  inside  rows  on  each  plat  to  harvest  for  measuring 
the  yield  while  the  two  outside  rows  in  each  case  should  be 
rejected.  The  area  of  a  plat  will  be  1-10  acre,  (i.e.,  "farm- 
er's acre,"  which  is  generally  understood  to  include  4900 
square  yards).  Where  small  fruits  are  to  be  experi- 
mented with,  results  have  shown  that  it  is  best  to  employ 
three  rows  to  the  plat  and  only  employ  the  middle  row 
in  each  case  in  recording  results,  the  two  outer  rows  being 
rejected. 

Fertilizers  employed — ^The  variety  of  fertilizer  em- 
ployed will  often  times  be  determined  by  the  circum- 
stances, the  cost,  those  most  convenient,  etc.  For  providing 
phosphoric  acid,  usually  the  best  results  will  be  obtained 
from  acid  phosphate,  or  where  it  is  practicable  to  pro- 
cure it,  from  dissolved  boneblack.  Here  in  Florida,  it 
will  be  cheaper  to  employ  the  dissolved  Florida  rock 
(acid  phosphate).  The  preceding  plat  diagram  shows 
the  quantity  to  be  employed  of  a  specific  strength.  If 
the  gradje  of  goods  on  hand  is  of  an  inferior  strength,  use 
a  quantity  of  it  equivalent  in  phosphoric  acid  to  the 
quantity  of  the  14  per  cent,  material  mentioned  in  the 
diagram. 

In  regard  to  potash,  it  is  generally  cheaper  to  em- 
ploy muriate  of  potash  for  supplying  this  element  of 
plant-food,  but  the  precautions  to  be  noted  later  relative 
to  employing  muriate  should  not  be  overlooked.  In  the 
case  of  certain  crops,  particularly  tobacco,  potatoes,  beets 
and  oranges,  potash  applied  in  the  form  of  sulphate  is 
desirable,  and,  I  may  say,  necessary. 
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Eainite  may  take  the  place  of  muriate  by  employ- 
ing four  times  the  quantity  of  the  latter,  but  it  should 
.  not  be  substituted  for  sulphate,  since,  like  muriate,  it 
contains  the  objectionable  element  chlorin,  which  is 
known  to  seriously  impair  the  quality  of  crops  of  the 
character  above  mentioned. 

For  supplying  nitrogen,  nitrate  of  soda  and  bright 
upland  cotton-seed  meal  are  the  commercial  materials 
most  generally  employed  in  Florida.  They  are  among 
the  cheapest,  and  the  results  obtained  from  their  employ- 
ment are  universally  satisfactory.  Where  nitrogen  is  to 
be  applied  as  a  top  dressing,  either  in  early  spring  or 
summer,  the  application  is  usually  made  in  the  form  of 
nitrate  of  soda.  But,  if  it  is  impracticable  to  employ  this 
material,  sulphate  of  ammonia,  cotton-seed  meal,  dried 
blood  or  tankage  may  each  be  employed  in  supplying 
.  the  necessary  nitrogen.  The  equivalent  amounts  of  each 
to  be  employed  in  the  plats  are  shown  in  the  previous 
plat  diagram.  In  the  event  that  dark  cotton-seed  meal 
is  employed  (i.  e.,  meal  made  from  long-staple  sea  island 
cotton),  it  will  be  necessary  to  use  about  one  and  three- 
fourths  the  amount  recommended  for  the  bright  meal 
(decorticated).  As  to  the  quantity  of  fertilizer  to  be  ap- 
plied, per  acre,  it  is  generally  better  to  employ  liberal 
quantities,  say  200  pounds  of  nitrate  of  soda,  160  pounds 
sulphate  of  ammonia,  450  pounds  cotton-seed  meal,  or 
400  pounds  tankage  or  dried  blood  for  supplying  nitro- 
gen. 

For  potash  use  200  pounds,  either  of  muriate  or 

sulphate,  or  800  pounds  of  kainite,  etc. 

For  phosphoric  acid,  use  400  pounds  acid  phosphate 
of  14  per  cent,  grade,  or  an  equivalent  amount  of  an  in- 
ferior grade. 

The  proportional  parts  of  these  several  amounts  are 
^ven  in  the  preceding  1-10  acre  plats  given  in  the  dia- 
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gram.  The  cultivation  of  all  plats  should  be  the  same. 
They  should  be  fertilized  and  seeded  the  same  day. 
They  should  likewise  be  plowed  and  hoed  on  the  same 
day.  After  a  rain  the  crust  of  all  plats  should  be  lightly 
stirred,  in  order  to  conserve  the  moisture.  For  recording 
results,  a  memorandum  book  should  be  at  hand  and  fre- 
quent observations  should  be  made  and  recorded  of  any- 
thing especially  noticeable  and  unusual  during  all  stages 
of  growth.  The  appearance  of  any  disease,  or  the  un- 
common appearance  of  the  plants  upon  any  plat  should 
likewise  be  recorded.  A  record  of  the  weather  should  also 
be  kept.  And,  finally,  when  the  harvest  time  arrives, 
the  products  obtained  from  the  interior  rows  of  each 
plat  should  be  accurately  weighed  and  entered  upon  the 
record  book.  If  these  directions  are  accurately  observed, 
the  results  of  the  soil  test  experiments  are,  in  the  end, 
likely  to  prove  satisfactory,  and  reasons  for  discrepancies ' 
between  yields,  due  to  causes  other  than  fertilizers,  will 
then  more  than  likely  be  detected. 

In  measuring  the  crop  due  credit  must  be  given  for 
every  part  of  it  that  possesses  any  value. 

As  will  be  seen,  the  diagram  previously  given  shows 
the  number  of  plats  that  it  is  necessary  to  employ  in  con- 
ducting fertilizer  tests  with  soils,  and  the  equivalent 
amounts  of  the  several  fertilizing  materials  to  be  applied. 
The  plats  are,  each,  one-tenth  of  the  "farmer's  acre"  (44,100 
square  feet).  In  conclusion,  it  may  be  remarked  that,  in 
spite  of  the  most  scrupulous  care,  discrepancies  of  much 
consequence  will  frequently  arise,  and  it  will  often  prove 
exceedingly  di£Scult  to  detect  the  real  meaning  of  them  ; 
but  where  the  experiments  are  continued  through  three 
seasons  it  is  usually  the  case  that  satisfactory  results  will 
be  obtained. 

We  shall  be  glad  to  advise  with  any  individual  wha 
may  contemplate  undertaking  such  experiments.    While 
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it  is  not  possible  for  us,  at  present,  to  bear  any  of  the  ex- 
pense connected  with  the  work,  still  we  shall  be  pleased 
to  furnish  all  necessary  directions  to  any  one  who  may 
desire  to  undertake  such  experiments.  It  is  the  writer's 
opinion  that  any  farmer  who  will  undertake  the  task 
will  find  himself  richly  repaid  by  the  knowledge  and  ex- 
perience he  will  gain  as  a  result 

How  to  Employ  Raw  Materials  In  Mixing  Fertilizers 

of  a  Speelfle  Strength. 

In  preparing  a  definite  quantity  of  a  fertilizer  mix- 
ture of  any  required  strength  care  must  be  exercised  in 
purchasing  the  raw  materials  employed  in  producing  the 
mixture  to  see  that  they  are  sufficiently  concentrated  (i.  e., 
each  ingredient  should  be  rich  enough  in  the  particular 
element  of  plant-food  which  it  is  to  supply)  to  provide 
the  definite  quantity  of  it  that  will  be  required  in  the 
fertilizer  mixture  it  is  proposed  to  prepare,  without  allow- 
ing the  total  weight  of  the  mixture  to  exceed  the  quantity 
desired.  That  is  to  say,  if  it  is  desired  to  make  up  exactly 
one  ton  (2,000  pounds)  of  a  complete  mixture  that  will 
analyze,  say : 

Phosphoric  acid  (available) 6.00  per  cent 

Potash 10.00  per  cent. 

Nitrogen 5.00  percent. 

It  will  be  necessary  to  use  the  materials  that  are  to  be 
employed  in  supplying  the  several  plant-food  constit- 
uents in  forms  sufficiently  concentrated  to  admit  of  the 
required  amounts  of  phosphoric  acid,  potash  and  nitrogen 
being  supplied  while  keeping  the  total  weight  of  the  raw 
material  employed  within  the  2,000  pound  limit ;  other- 
wise the  fertilizer  mixture,  though  containing  the  pre- 
scribed amounts  of  the  several  plant-food  essentials,  will 
not  be  of  the  percentage  composition  desired,  but  may  be 
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considerably  less,  depending,  of  course,  upon  the  amount 
of  excess  over  2,000  pounds  the  total  bulk  may  reach. 
Being  careful  always  to  observe  this  precaution,  let  it  be 
supposed  that  we  have  on  hand : 

Acid  phosphate  containing  14  per  cent,  available 
phosphoric  acid,  sulphate  of  potash  containing  50  per 
cent,  of  actual  potash,  nitrate  of  soda  containing  16  per 
cent,  of  nitrogen,  and  desire  to  employ  this  raw  material 
in  preparing  exactly  a  ton  (2,000  pounds)  of  fertilizer 
mixture  which  will  analyze : 

Available  phosphoric  acid 6.00  per  cent. 

Potash 10.00     "      " 

Nitrogen 5.00     "       " 

the  first  question  to  be  asked  would  be :  "  How  many 
pounds  of  phosphoric  acid  must  the  ton  of  fertilizer  con- 
tain, if  it  is  to  analyze  6.00  per  cent,  of  this  substance  ? 
The  answer  to  this  would  be,  120  lbs.  (2,000  lbs.  x  .06= 
120  lbs.)  A  similar  query  in  regard  to  the  number  of 
pounds  of  potash  and  nitrogen  that  the  ton  of  mixture 
is  to  contain  will  reveal  the  fact  that  200  lbs.  of  the 
former  and  100  lbs.  of  the  latter  must  be  present  in  every 
ton  of  mixture  in  order  for  it,  when  prepared,  to  be  of 
the  desired  strength. 

Having  gained  this  information,  the  next  question 
asked  should  be:  How  much  acid  phosphate  of  the 
strength  designated  above  will  it  be  necessary  to  use  in 
order  to  supply  the  120  lbs.  of  phosphoric  acid  that  the 
proposed  mixture  is  to  have  ?  To  answer  this,  we  revert 
to  the  analysis  of  the  acid  phosphate  previously  men- 
tioned and  find  that  it  is  guaranteed  to  contain  14  per 
cent,  of  available  phosphoric  acid.  Then,  we  reason  that 
if  each  100  lbs.  of  the  acid  phosphate  contains  14  lbs.  of 
phosphoric  acid,  it  will  require  as  many  hundred  pounds 
to  provide  the  120  pounds  of  phosphoric  acid  the  pro- 
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posed  mixture  is  to  contain  as  14  is  contained  times  into 
120,  or,  in  other  words,  it  will  be  necessary  to  employ 
857  lbs.  of  the  acid  phosphate. 

A  similar  course  of  reasoning,  with  a  view  to  ascer- 
taining the  amounts  of  sulphate  of  potash  and  nitrate  of 
soda  that  will  be  needed  in  supplying  the  requisite  pot- 
ash and  nitrogen,  will  show  that  400  lbs,  of  the  sulphate 
of  potash  and  625  lbs.  of  nitrate  of  soda  will  have  to  be 
employed.  We  find,  therefore,  that  in  supplying  the 
requisite  phosphoric  acid,  potash  and  nitrogen,  we  have 
employed : 

Acid  phosphate 857  pounds. 

Sulphate  potash.. 400       " 

Nitrate  soda 625      *^ 

Making  a  total  of  1882  pounds  of  mixture,  when 
it  was  our  desire  to  make  2000  pounds.  These  1882 
pounds,  though,  contain  the  exact  number  of  pounds  of 
phosphoric  acid,  potash  and  nitrogen  that  a  ton  (2000 
pounds)  of  our  proposed  mixture  was  to  have.  Then,  in 
order  to  increase  the  weight  of  the  prepared  fertilizer  to 
exactly  one  ton,  all  that  is  necessary  is  to  add  to  the 
1882  pounds  exactly  118  pounds  of  some  cheap  "filling," 
such  as  sand,  which  contains  no  appreciable  amount  of 
fertilizing  material  (1882  +  118=2000). 

Now,  in  the  ton  of  mixture,  there  will  be  present 
120  pounds  of  available  phosphoric  acid,  200  pounds  of 
potash  and  100  pounds  of  nitrogen.  When  thoroughly 
mixed,  it  should  analyze : 

Available  phosphoric  acid 6.00  per  cent. 

Potash 10.00  per  cent. 

Nitrogen 5.00  per  cent. 

With  this  explanation  at  hand,  it  should  be  an 
easy  matter  for  every  farmer  to  mix  and  prepare  his  fer- 
tilizers at  home,  of  any  desired  strength,  but  the  greatest 
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care  should  invariably  be  exercised  to  insure  thorough 
mixing.  Where  it  can  be  properly  done,  it  will  be 
found  far  more  economical  for  farmers  to  purchase  the 
raw  materials,  unmixed,  and  do  their  own  mixing.  Of 
course,  where  mixed,  fertilizers  are  to  be  employed  for 
home  use,  the  addition  of  the  sand  "  filling  "  will  not  be 
necessary.  In  such  a  case,  it  will  only  be  necessary  to 
apply  an  amount  of  concentrated  mixture  equivalent  in 
fertilizing  value  to  what  would  have  been  applied  had  it 
been  made  up  to  exactly  2000  pounds.  But  in  every 
case  where  a  definite  quantity  of  a  mixture  of  a  specific 
strength  is  to  be  prepared,  the  method  described  above  is 
always  employed  in  the  process  of  preparation. 

This  plan  also  has  the  additional  advantage  of 
allowing  the  farmer  to  prepare  complete  fertilizers  of 
varying  strengths  and  which  are  especially  adapted  to 
particular  soils  and  crops. 

Some  Instraetlons  In  Using  Lime. 

When  soils  are  of  an  acid  character,  such  crops  as 
clover,  alfalfa,  and  certain  other  leguminous  plants  which 
under  proper  soil  conditions,  have  the  power  to  utilize  the 
nitrogen  of  the  air  existing  in  the  soil,  are  unable  to 
make  a  satisfactory  growth.  Moderate  applications  of 
water-slaked  lime  under  such  circumstances  will  prove 
highly  beneficial  in  sweetening  such  soils  and  promoting 
nitrification.  Often,  injury  results  from  the  application 
of  lime  in  a  caustic  state.  When  applied  in  this  form, 
particular  care  must  be  exercised  to  avoid  excessive  ap- 
plications, even  on  soils  where  crops  requiring  a  relative- 
ly large  lime  nourishment  are  to  be  grown.  Next  to  the 
water-slaked,  air-slaked  lime  is  the  most  satisfactory  form 
in  which  to  make  lime  applications.  On  thin,  sandy  soils 
deficient  in  lime,  from  500  to  1,000  pounds,  per  acre,  is  the 
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proper  quantity  to  apply.  On  heavy  soils  these  quanti- 
ties should  be  increased  about  one  half.  It  is  generally 
best  to  make  lime  applications  sometime  in  advance  of 
planting.  Autumn  applications  are  generally  to  be  pre- 
ferred. It  should  be  distributed  with  great  uniformity 
and  carefully  plowed  and  harrowed  into  the  soil,  other- 
mse  its  beneficial  effects  will  be  greatly  retarded.  On 
soils  needing  this  material,  about  every  four  years  would 
be  the  proper  interval  for  administering  lime  dressings  to 
soils.  Lime  should,  immediately  after  being  applied,  be 
harrowed  into  the  soil,  otherwise  it  will  likely  cake,  and 
this  would  detract  from  its  good  effects. 

Lime  Promotes  the  erowtb  of  the  Potato 

Seah  Fangns. 

Unfortunately,  it  has  been  found  that  lime  is  condu- 
cive to  the  growth  of  the  potato  scab  fungus.  Hence, 
when  it  is  applied  to  soils  to  be  employed  in  cultivating 
this  tuber,  either  separately  or  in  a  crop  rotation,  it  should 
be  applied  in  very  moderate  quantities.  Before  plant- 
ing, the  seed-tubers  should  also  receive  some  germicide 
treatment,  either  corrosive  sublimate,  formalin,  or  other 
appropriate  one.  Corrosive  sublimate  is  veiy  generally 
used  with  good  effect.  It  is  intensely  poisonous  and 
should  be  handled  very  cautiously.  Discarded  solutions 
of  it  should  not  be  thrown  out  around  the  premises  in 
reach  of  fowls  or  to  find  its  way  into  the  well.  Corro- 
sively sublima  can  be  easily  procured  in  the  form  of 
small  white  crystals  at  any  drug  store.  To  prepare  a 
germicide  solution  of  it  of  proper  strength,  dissolve  two 
and  one-fourth  ounces  of  these  crystals  in  several  gallons 
of  hot  water  in  a  suitable  barrel,  and  subsequently  make 
the  solution  up  to  fifteen  gallons  by  the  addition  of  cold 
water  and  stir  thoroughly.     The  same  solution  may  be 
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used  over  and  over  again,  but  should  be  kept  carefully- 
covered  to  prevent  access  to  it  by  fowls,  etc. 

The  seed-tubers  after  being  washed,  and  without 
being  cut,  may  be  placed  in  a  sack  and  immersed  for  an 
hour  and  a  half  in  the  solution.  They  will  be  uninjured 
for  planting  by  this  treatment,  while  their  susceptibility 
to  this  fungus  attack  will  be  very  greatly  diminished. 
A  solution  of  the  above  strength  will  not  injure  the  hands 
but  it  should  not  be  allowed  to  enter  the  mouth  under  any 
circumstances. 

Harmftal  Effects  of  Gontlnnal  Use  of  Marlate  of  Potash. 

Among  the  different  sources  for  obtaining  potash  for 
fertilizers,  muriate  of  potash  is  most  common.  This  is 
partly  because  it  contains  potash  in  concentrated  form, 
averaging  about  fifty  per  cent.,  and  als^,  because,  as  mu- 
riate, the  material  can  be  purchased  somewhat  cheaper. 
A  reason  for  the  latter  is  found  in  the  fact  that,  on  account 
of  chlorin  being  one  of  the  constituents  of  muriate,  upon  cer- 
tain crops,  such  as  tobacco,  potatoes,  sugar-beets,  etc.,  it  is 
known  to  exert  an  unfavorable  influence  upon  their  qual- 
ity. On  account  of  its  cheapness,  where  it  will  exercise 
no  deleterious  effects  on  either  the  soil  or  crop,  it  will,  of 
course,  be  desirable  to  employ  the  muriate  as  the  source 
of  potash,  but  under  the  conditions  above  noted,  as  well 
as  under  certain  others  now  to  be  mentioned,  the  potash 
supply  should  be  provided  in  other  forms. 

It  has  recently  been  observed  by  Prof  Goessmann  of 
the  Massachusetts  Station  that  upon  soils  having  compact 
sub* soils,  and  upon  those  which  are  not  well  drained,  and 
in  which  the  supply  of  lime  is  small,  the  continued  appli- 
cation of  muriate  of  potash  may  prove  quite  injurious. 
Under  such  conditions  as  are  noted  above,  a  chemical 
change  occurs  between   the  lime  of  the  soil  and  the 
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muriate,  whereby  the  chlorin  of  the  liatter  unites  with 
the  soil  lime,  forming  calcium  chlorid,  an  objection- 
able compound  possessing  poisonous  properties  to  plants. 
Fortunately,  this  compound  is  easily  soluble,  and  if 
the  land  is  well  drained  it  will  readily  pass  from  it.  but, 
under  the  conditions  noted  above,  its  presence  might  prove 
highly  injurious.  Goessmann  observed  that  such  crops 
as  oats,  soja  beans,  etc.,  grown  upon  a  soil  which  had  re- 
ceived a  continued  application  of  muriate  of  potash  for  a 
number  of  years  continued  to  decrease  in  yield  year  after 
year,  and  finally  he  became  convinced,  by  experiment, 
that  this  decrease  was  due  to  the  effect  of  the  muriate  of 
potiish  on  the  lime  of  the  soil  A  part  of  the  chemical 
change  referred  to  above  is,  that  the  potash  is,  in  turn, 
converted  into  a  less  soluble  form,  which  really  is  desir- 
able, because  less  of  this  material  is  then  likely  to  be  lost 
by  leaching;  but  it  should  be  remembered  that  this 
change  always  occurs  at  the  expense  of  the  lime.  If  the 
supply  of  lime  is  abundant  in  a  soil  no  serious  results  are 
likely  to  follow  from  the  use  of  muriate  in  a  favorable 
season,  but,  under  the  circumstances  noted  above,  its  use 
may  prove  injurious. 

The  employment  of  the  muriate  is  safer  upon  a  deep 
soil  with  open  sub-soil,  because  in  a  soil  of  this  character 
the  poisonous  lime  compound  formed  passes  readily  out 
of  the  reach  of  the  plant. 

In  all  cases  where  the  continued  use  of  muriate 
would  prove  objectionable,  sulphate  of  potash  may  be 
substituted  in  its  stead,  and  the  objections  above  noted 
will  not  apply  to  this  material. 

How  to  Ascertain  If  Soils  are  of  an  Acid  Character. 

It  is  a  very  easy  matter  to  ascertain  whether  or  not 
a  soil  possesses  acid  properties.  Soils  that  contain  much 
carbonate  of  lime  are  of  an  alkaline  character,   (i.  e.. 
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directly  opposite  to  acid).  Such  soils,  of  course,  need  no 
liming.  But  when  a  soil  is  distinctly  acid,  as  is  often 
the  case,  particularly  with  muck  soils,  additions  of  lime 
are  always  desirable.  In  order  to  determine  acidity, 
a  very  simple  test  will  sufQce.  Employ  a  narrow  strip 
of  blue  litmus  paper,  an  inch  and  a  half  in  length,  (to  be 
had  for  a  trifle  at  any  apothecary  shop)  in  conducting  the 
test.  A  few  ounces  of  the  suspected  soil  may  be  placed 
in  a  glass  and  made  into  paste  with  water  by  stirring 
with  a  rod  or  stick.  Allow  the  paste  to  stand  for  a 
half  hour,  and  then  with  a  knife  blade  separate  the 
paste,  and  insert  the  strip  of  litmus  paper  and  press 
the  moist  soil  against  it  with  the  blade,  and  allow 
the  paper  to  remain  in  this  position  for  about  five 
minutes.  Remove  the  paper  and  see  if  the  end  placed  in 
the  soil  has  changed  from  the  original  blue  color  to  red. 
If  such  a  change  has  occurred,  it  proves  that  the  soil  is 
acid,  and  that  an  application  of  lime  will  usually  prove 
beneficial.  The  end  of  the  paper  to  be  inserted  in  the 
soil  should  not  be  handled  because  often  such  handling 
will  produce  a  red  coloration  of  the  litmus,  and  without 
proper  precaution  is  excercised,  this  change  might  be 
ascribed  to  the  soil.  See  that  the  end  of  the  paper  applied 
to  the  soil  is  distinctly  blue  when  inserted.  Blue  litmus 
will  invariably  be  changed  to  red  by  acid  soils,  and  red 
litmus  to  blue  by  distinctly  alkaline  soils.  Faintly  alka- 
line soils  will  be  neutral  to  test  paper. 
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AvERAOB  Composition  of  the  Vabioub  Febtiuziko  Mater- 
ials ( Commercial  and  Domestic)  Usually  Employed 

ON  Southern  Farms. 


Esseittally  IVItrageioiis  Fer- 
ttUzen. 


Nitrate  of  soda 

Salphate  of  ammonia. 

Cotton  seed  meal  (decorti- 
cated)  

Cotton  seed  meal  (onde- 
corticated) 

Linseed  meal  (old  process) 

Linseed  meal  (new  process 

Dried  blood 

Dried  fish  scrap 

Mack  (good) 

Barnyard  manure  (69  per 
cent,  moistore). 

Horn  and  hoof  wasta 

Wool  waste 

Wool  washings 

Pondrette  (night  soil)  (60 
per  cent,  moisture) 

Bat  gnano 

Pigeon  manure  (10  per 
cent  moisture) 


16.75 
20.60 

6.66 

4.60 
6.43 
6.78 
10.62 
7.26 
1.10 

0.49 

13.26 

6.60 


Essestlally  Potash  Fertilizers. 

Muriate  of  potash 

Salphate  ofpotash 

Salphate   of    potash   and 

magnesia 

Kainite 


.80 
8.20 

3.20 


S 


a 

b  S  0 


19.00 
24.80 

8.06 

6.44 
6.67 
6.98 
12.72 
8.77 
1.33 

0.69 

16.03 

7.86 


.96 
9.92 

3.87 


Cotton  hull  ashes 

Saw  palmetto    ashes    (as 
ordinarily  burnt) 


Wood  ashes  (unleached).. 

Wood  ashes  (leached) 

Tobacco  stalks i    3.71 

Tobacco  stems I    2.36 

Corn-cob  ashes 


Cssesttally  Phos.  Fertlllzen. 
ate  (dissolved 


phosph 


Acid 
rocfi:) 

Bone  ash 

Bone  black 

Bone  black  (dissolved)... 

Bone  meal 

Bone  meal  ( glue  factory ) 
Bone  meal  ( dissolved ) . . . 

Thomas  slaff 

Florida  rock 

Florida  soft  phosphate 

South  Carolma  rock 

Tankage 6.70 

Peruvutn  guano 7.36 

Cuban  g^uano.. '    1.67 


4.49 
2.84 


3 

o  o 


4i 

i 


Pk£Pk 


1.80 

1.60 
1.37 
1.39 


.16 
0.43 


1.20 
3.92 

.30 
1.31 

LOO 


61.60 
60.00 

26.00 
12.6U 
22.76 

16.00 
6.26 
1.27 
6.02 
8.20 

23.20 


3.00 

3.00 
1.66 
1.83 


7.00 


10.16 


16.70 
8.00 


4.90  ' 

2.05  ; 

3.14  j 13.63 

3.06 


8.10 
8.89 
2.02 


2.66 


7.30 


1.91 


.10 

0.32 
L83 
0.36 


L40 
3.80 

L90 


8.86 

10.00 
1.70 
1.61 
0.66 
0.70 
6.00 


36.89 
28.28 
17.00 
23.26 
29.90 
17.60 
23.49 
26.36 
18.20 
26.30 
11.80 
16.30 
13.36 
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What  the  Tables  Teach. 

With  what  has  been  said  it  ought  to  be  an  easy 
matter  for  every  farmer  who  studies  these  pages  closely 
to  understand  the  real  fertilizing  value  of  any  substance 
incorporated  in  either  of  the  foregoing  tables.  Such 
knowledge  ought  to  enable  him  better  to  understand  how 
to  proceed  to  fertilize  his  soil,  using  only  such  material 
for  the  purpose  as  will  be  sure  to  subserve  the  desired  ends. 
When  phosphoric  acid  is  what  is  needed,  then  any  ma- 
terial enumerated  in  the  foregoing  list  of  phosphatic 
manures  may  be  counted  on  to  supply  the  deficiency,  and 
the  same  may  be  said  in  regard  to  potash  and  nitrogen. 
Where  one  substance  contains  an  appreciable  quantity 
of  both  potash  and  nitrogen  (such  for  instance,  as  nitrate 
of  potash  and  tobacco  stems),  the  table  will  show  it. 
Further  comment  is  deemed  unnecessary. 
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FACTS. 

1  The  Soil  and  Climate  of  Florida  are  Better  Adapted 
to  the  Successful  Production  of  Sugar-cane  and  its 
Products  than  is  any  other  part  of  the  United  States. 

2  Nitrogen  is  the  Chief  Manurial  requirement  of  the 
Cane  Crop.  Planting  on  Bottom  Lands,  Turning 
Under  of  Cow-peas  or  of  Velvet-beans,  and  "  Cow- 
penning,"  are  the  most  economical  means  for  secur- 
ing this  essential.  On  Florida  Soils,  Potash  stands 
next  to  Nitrogen  as  a  food  requirement  for  Cane. 

3  Narrow  Rows  and  two  lines  of  Seed  Cane  are  the 
desirable  forms  for  Planting. 

4  Thorough  Breaking  and  Shallow  Cultivation,  with 
Cultivator  instead  of  Plow,  produce  best  results. 

5  The  Longest  Possible  Period  of  Growth  should  be 
allowed.  Delaying  Harvest  ten  days  from  Nov.  20 
increased  the  Sugar  content  1.2  per  cent.,  and  twenty 
days  delay  adds  4.39  per  cent,  to  the  amount  of 
Sugar  in  the  Cane. 

6  Great  Variations  in  the  Thickness  of  Syrup  injure  its 
market  value.  When  the  Thickness  is  determined 
by  Judgment  or  Experience  variations  of  5  degrees 
are  possible  by  the  most  Expert  Syrup  Boilers. 

7  A  Simple  Syrup  Tester  mby  be  made,  by  any  one 
without  expense,  which  Determines  the  Thickness 
with  Absolute  Accuracy  and  Prevents  the  Possibility 
of  Variation. 

8  Red  Cane  is  Hardier  than  Green  and  Matures  Ear- 
lier. For  Large  Areas  and  for  Sugar  the  Red 
Variety  is  best.  For  Small  Areas  and  Syrup  the 
Green  Cane  is  preferable. 
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9  Uplands  Produce  the  Sweetest  Cane.  Bottom  Lands 
Produce  the  Heaviest  Yields  and  the  Largest  Total 
Product. 

10  The  Impurities  in  Cane  Juice  are  chiefly  Physical 
and  may  be  Removed  by  thorough  Straining  or 
Filtering. 

11  Dry  Spanish  Moss  is  the  Best  Known  Filter  for  Cane 
Juice,  and  its  Use  results  in  Superior  and  Well- 
Keeping  Syrup,  arid  Light  Colored  Dry  Sugar. 

12  Two  Evaporators,  Pans  or  Kettles  are  desirable. 
The  First  for  Purifying,  the  Second  for  Finishing. 

13  Syrup  of  Superior  Appearance  and  Flavor  can  be 
made  to  Keep  Indefinitely. 

14  Good  Domestic  Sugar  may  be  Made  by  Simple  Home 
Means,  and  is  Marketable  at  a  Profit. 


INTRODUCTION. 


The  author  of  this  Bulletin,  on  entering  upon  his  du- 
ties at  this  Station  last  October,  found  two  acres  of  sugar 
cane  grown  as  a  regular  farm  crop  without  apparent  ex- 
perimental object,  but  chiefly  as  a  means  of  utilizing  land 
well  adapted  to  the  requirements  of  the  cane  plant.  It 
was  immediately  decided  to  use  this  crop  in  the  interest 
of  the  public  as  a  means  of  demonstrating  the  possibility 
of  improving  the  methods  heretofore  in  practice  for  util- 
izing the  same.  It  was  too  late  to  secure  experimental 
data  bearing  upon  the  care  and  cultivation  of  the  grow- 
ing crop,  and  therefore  the  portion  of  the  Bulletin  devo- 
ted to  a  consideration  of  these  conditions  is  based  upon 
successful  practice  elsewhere  and  the  personal  experience 
of  the  writer  on  his  own  plantation  rather  than  with  the 
cane  grown  by  the  Station . 

The  growth  of  cane  for  the  manufacture  of  sugar  and 
syrup  is  no  new  enterprise  in  the  State  of  Florida  where 
soil  and  climatic  conditions  have,  since  the  Spanish  settle- 
ment, been  recognized  as  admirably  adapted  to  this  busi- 
ness. Before  the  war  there  were  large  and  flourishing 
sugar  plantations  in  several  different  portions  of  the 
State,  though  of  recent  years  the  introduction  of  new  in- 
dustries and  radical  changes  in  social  and  business  con- 
ditions have  wellnigh  exterminated  the  industry  except  as 
a  very  general  means  for '  supplying  home  demand 
It  is  believed,  after  a  thorough  investigation  of 
the  conditions  involved,  that  climate,  soil  and  economical 
advantages  should  naturally  make  Florida  the  great  cen- 
ter of  cane  sugar  production  for  our  country.  This  Bulle- 
tin, however,  is  not  written  and  the  experiments  on  which 
it  is  founded  were  not  undertaken  in  an  effort  toward 
demonstrating  these  facts.      The  object  in  view  was  the 
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hope  of  showing  that  the  production  of  sugar-cane  offered 
a  certain  source  of  remuneration  to  farmers  who  would 
engage  in  the  same.  That  the  manufacture  of  syrup, 
when  properly  conducted,  resulted  in  a  product  for  which 
there  was  a  ready  and  constant  demand.  Further,  that  ev- 
ery farmer  in  Florida  might  produce  sugar  sufficient 
for  home  consumption  and  of  such  a  quality  that  the  sur- 
plus could  be  readily  and  profitably  marketed,  and  that 
the  producer  must  necessarily  become  independent  and 
reasonably  free  from  all  possible  exactions  imposed  by 
any  monoply  controlling  this  domestic  necessity.  In  other 
words,  this  Bulletin  is  an  effort  toward  inculcating  the 
principle  and  showing  the  possibilities  of  the  production 
of  home  supplies  for  home  consumption. 
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I. 

THE  CROP. 

Sugar  cane  is  more  restricted  in  habitat  by  climatic 
conditions  than  is  the  case  with  most  farm  crops.  Of  East 
Indian  origin,  it  can  be  made  to  thrive  only  in  tropical  or 
semi-tropical  latitudes,  and  the  two  predominating  essen- 
tials of  its  growth  are  warmth  and  moisture .  Its  success- 
ful cultivation,  however  widely  distributed  over  the  earth, 
has  never  been  carried  beyond  certain  well-defined  limits 
of  variation .  A  mean  average  temperature  of  70  degrees 
and  a  minimum  annual  rainfall  of  about  60  inches  are  es- 
sential to  the  normal  development  and  satisfactory  culti- 
vation of  the  crop.  Both  of  these  requisites  are  furnished 
by  nearly  all  parts  of  the  Florida  peninsula.  The  mean 
annual  rainfall  for  the  latitude  of  Lake  City  is  55.86 
inches,  and  the  mean  annual  temperature  is  68.78^. 

As  Louisiana  is  recognized  as  the  chief  sugar-produc- 
ing State  of  the  Union,  it  is  interesting  and  important 
that  a  comparison  of  the  climatic  conditions  prevailing 
there  be  made  with  those  belonging  to  our  own  State. 
This  comparison  shows  that  our  average  annual  rainfall 
exceeds  that  of  Louisiana,  that  our  mean  temperature  is 
higher,  and  that  the  period  of  immunity  from  ^frosts  is 
longer.  It  is,  moreover,  an  accepted  fact  that  ideal 
weather  conditions  for  cane  develop'ueiit  demand  that 
about  75  per  cent  of  the  total  rainfall  should  be 
during  the  growing  season.  This  ideal  rainfall  is  45 
inches.  It  is  interesting  to  note  that  the  rainfall  of 
Louisiana  for  this  period  averages  54.74  inches,  while 
that  in  Florida  is  43.58.  The  adaptation  of  the  climaie 
of  Florida  to  the  normal  development,  and  therefore 
successful  production  of  the  crop,  is  established. 


12 

SOIL  CONDITIONS— Ah  might  he  iiifpired  from  the 
origin  of  the  plant,  al>uiidance  of  moisture  and  of  organic 
matter  are  essential  conditions  in  all  boils  upon  which  su- 
gar-f^'une  in  to  be  siu't'essfuliy  grown.  Alluvial  bottom 
lands  and  nuick  soils  are  pre-eminently  adapted  to  the  re- 
«]uireuients  of  the  crop.  It  must  be  partioularly  specified, 
however,  that  wherever  muck  soils  or  bottom  lands  are 
utilized  for  cane  growing,  thorough  drainage  is  an  abso- 
lute and  indispensable  prerequisite  to  success,  since  al- 
though large  quantitleH  of  water  are  needed  by  so  rank- 


ptg  1, 
growing  and  fuliaceous  a  plant,  excess  of  uioistuio  at  its 
roots  is  almost  certain  destrucl ion .  Ther.i  are  pine 
and  high  liauiniock  lauds  in  our  tStatc  which,  though  pro- 
ducing lighter  yielcs  of  cane  poaaeas  a  material  advan- 
tage for  it%  production.  The  cane  of  the  pine  lands  is  high- 
er in  its  sugar  content,  and  also  possesses  greater  iuimu- 
nity  from    frost. 
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PREPARATION  OF  THE  LAND— The  first  essen- 
tial toward  proper  preparation  of  the  land  for  the 
growing  of  cane  is  thorough  breaking  or  plowing  to  thfe 
depth  of  the  arable  soil,  and  this  is  true  irrespective  of 
the  character  of  the  soil  in  question.  The  manner  of 
plowing,  fiowever,  must  vary  with  the  nature  of  the  land, 
which  fact  is  also  true  as  to  the  time  of  plowing.  Bottom 
lands  should  be  plowed  as  soon  as  possible  after  the  crop 
has  been  removed  in  the  fall  that  the  action  of  the  atmos- 
phere upon  the  soil  for  the  longest  possible  period  may  be 
secured.  Lighter  upland  soiJs,  however,  need  not  neces- 
sarily be  plowed  until  the  time  approaches  for  actually 
putting  in  the  crop.  Heavier  and  moister  soils  must  be 
plowed  with  particular  reference  to  winter  drainaj^e, 
which  is  best  secured  by  throwing  the  soil  into  beds 
about  six  feet  wide,  the  middles  of  which  should  be 
broken  out  with  a  turn  plow  and  the  quarter  drains 
cleared  sufficiently  deep  to  assure  drainage  for  the  sur- 
plus water.  With  upland  soils  this  precaution  is  not  nec- 
essary, but  simple  plowing  with  a  turn  plow  to  the  depth 
of  the  arable  soil  is  all  that  is  needed.  The  next  consider- 
ation previous  to  actual  planting  of  the  cane  is  that  of 
supplying  the  plant  food  necessary  for  its  growth. 
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FERTILIZING  THE  CROP— Cane  is  a  particularly 
rank -growing  plant,  and  demands  liberal  feeding  for 
the  most  satisfactory  result?.  Comparisons  of  the  compo- 
sition of  cane  grown  upon  upland  and  bottom  soils, 
however,  abundantly  demonstrate  that  the  unquestioned 
adaptation  of  the  crop  to  lower  lands  results  as  much 
from  the  necessity  ot  abundant  water  supply  for  this 
foliaceous  crop  as  upon  the  demands  of  the  same 
for  any  particular  form  or  quantity  of  nutriment.  Indeed, 
the  very  best  results  in  cane  growing  have  been  secured 
on  upland  soils  where  the  demands  for  moisture  were  ar- 
tificially supplied  by  irrigation .  Observation  of  the  condi- 
tions under  which  cane  best  thrives,  supported  by  practi- 
cal experience  in  all   successful   cane-growing  countries 


14 


and  by  the  experiments  conducted  upon  the  plant-food  re- 
quirements of  this  crop,  demonstrate  that  nitrogen,  pref- 
erably from  organic  sources,  is  the  predominating,  or 
chief,  plant-food  requirement  to  be  considered  in  artifi- 
cially fertilizing  sugar-cane.  The  success  of  the  common 
practice  of  **cow-peniiing"for  this  crop  upon  the  light  Flor- 
ida soils  and  of  turning  under  heavy  crops  of  cow-peas  up- 
on the  cane  lands  of  Louisiana  give  indisputable  evidence 
of  the  truth  of  this  assertion.  The  most  satisfactory 
results  of  sugar-cane  culture,  however,  demand  atten- 
tion to  the  other  two  plant-food  ingredients,  phosphoric 
acid  and  potash,  the  latter  particularly  having  a  material 
influence  and  beneficial  effect  upon  the  sugar  content  of 
cane.  If  artificial  fertilizers,  therefore,  are  to  be  used 
they  should  provide  the  three  essentials — ^phosphoric 
acid,  nitrogen  and  potash — ^and  experience  shows  that  the 
relative  proportions  of  supply  under  average  normal  con- 
ditions should  be  approximately  one  part  of  phosphoric 
acid  to  three  parts  of  nitrogen  and  two  parts  of  potash . 
The  quantity  of  the  application  must  depend  upon  the  fer- 
tility or  previous  crop  of  the  soil,  and  if  leguminous  crops 

have  been  grown  and  turned  under  on  the  same,  one-half 
of  the  nitrogen  may  be  omitted  from  older  lands, 
while  newer  soils  would  probably  require  no  other 
nitrogen  than  the  turning  under  of  good  crops  of  cow- 
peas  or  velvet  beans .  The  time  for  applying  fertilizers 
must  necessarily  depend  upon  locality.  Much  sugar-cane, 
particularly  in  the  State  of  Louisiana,  is  planted  in  the 
fall,  in  which  event  a  part  of  the  fertilizer  may  advant- 
ageously be  applied  at  that  time .  Under  prevailing  Flor- 
ida conditions  the  bulk  of  the  crop  is,  and  doubtless 
should  be,  planted  in  the  spring. 

Acid  phosphate,  cottonseed  meal  and  muriate  of  pot- 
ash are  the  most  economical  and  effective  forms  of  supply 
of  plant-food  for  cane,  and  these  materials  are  best  ap- 
plied immediately  preceding  actual  planting  of  the  cane. 
The  best  method  of  application  is  strewing  in  the  furrow 
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and  mixing  with  the  soil  witb  a  single  trip  af  a  scooter,  bj 
which  means  the  fertilizer  will  be  near  enough  to  the 
Beed  cane  to  supply  the  immediate  demands  of  the  young 
plant,  and  yet  will  be  sufficiently  diluted  by  incorporation 
with  the  furrow  soil  to  avoid  the  danger  of  killing  the 
l)uds  or  tender  rootlets.  -       v 

PLANTING  CANE— As  a  rule,  February  and  March 
may  be  accepted  as  the  cane  planting  months  for  our 
State.  The  variety  of  cane  which  shall  be  selected  is 
also  open  to  little  question,  experience  having  abundantly 
demonstrated  that  of  the  many  varieties  tested,  red 
cane,  from  its  sweetness  and  hardiness,  stands  incontest- 
ably  at  the  front,  though  for  syrup  making  the  softer  and 
less  hardy  green  cane  is  not  without  advocates,  while  for 
the  purpose  to  which  all  children  and  many  adults  natur- 
ally prefer  to  devote  the  plant,  its  softness  and  the  ease 
of  mastication  give  it  first  place.  The  distance  of  planting 
is  an  all-important  consideration  which  experience  and 
experiment  have  proved  is  of  vital  significance  in  control- 
ling results.  The  general  principle  may  be  stated  that 
the  nearer  the  rows  the  greater  the  yield.  The  cost  of 
«eed,  however,  is  a  modifying  influence  which  would  effec- 
tually control  practice.  Narrowing  the  rows  beyond  the 
five-feet  limit  does  not  compensate  in  additional  yield  for 
the  expense  of  the  increase  of  seed.  It  may  be  accepted, 
therefore,  that  the  most  profitable  distance  for  cane  rows 
is  five  to  six  feet,  the  former  distance  having  preference . 
The  amount  of  seed  cane  which  shall  be  used  is  likewise 
of  material  influence  upon  the  economy  of  priEictice,  one 
row,  two  rows,  and  three  rows  of  seed  canes  in  the  furrow 
each  having  advocates.  Two  rows  of  seed  cane,  laid  par- 
allel and  without  intervals  between  their  ends,  may  be  ac- 
cepted as  productive  of  best  results  upon  moderately  fer- 
tile soils.  The  canes  for  planting  should  not  be  tipped  but 
should  be  used  as  long  as  possible  without  being  cut  ex- 
cept where  their  crooked  character  necessitates  cutting 
to  facilitate  covering  with  a  plow  and  continuity  of  row . 
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In  this  connection  it  is  well  to  recall  the  fact  that  the  up- 
per third  of  the  cane  stalk,  which  is  least  desirable  for 
either  sugar  or  syrup,  is  really  the  best  part  of  the  cane 
for  seed,  and  might,  with  advantage,  be  saved  for  this 
purpose.  A  shovel  plow,  turning  a  furrow  four  to  five 
inches  deep,  is  the  best  means  of  preparation  for  the  seed 
cane  which,  when  laid  in  the  furrow,  is  easily  covered 
with  a  double  trip  of  the  turn  plow. 

Though  stubble  can6  may  be  used  for  seed,  the 
result  is  so  inferior  that  the  practice  should  only  be  a  last 
resort  in  event  of  accident  or  dearth  of  supply  of  seed 
cane. 

CULTIVATION— The  depth  and  frequency  of  culti- 
vation will  largely  control  results .  To  effect  the  desired 
end,  the  plow  should  be  rigorously  discarded  and  be  ex- 
clusively supplemented  by  the  use  of  some  form  of  tooth 
cultivator.  Two  advantages  are  secured,  by  this  change 
in  implement;  economy  through  the  increased  area  which 
can  be  worked  by  a  single  implement  and  conserving 
moisture  at  the  time  it  is  indispensable  to  the  proper  devel- 
opment of  the  crop.  The  two-horse  cultivator  is  pref- 
erable where  large  areas  are  involved,  though  the  one- 
horse  implement  will  easily  and  thoroughly  work  live 
acres  of  cane  per  day,  which  is  fully  double  the  amount 
possible  from  the  most  successful  useofplows.^  When 
the  marked  difference  in  the  amount  of  available  moisture 
secured  to  the  crop  by  the  two  methods  of  cultivation  is 
considered,  the  experience  of  Dr.  Stubbs,  of  the  Louis- 
iana Station,  on  which  he  bases  the  assertion  "that  it  is  al- 
most impossible  to  estimate  correctly  the  annual  damage 
to  the  cane  crop  of  this  State  by  the  use  of  turn  plows  in 
its  cultivation'-  seems  entirely  reasonable.  The  frequency 
of  cultivation  must  depehd  upon  the  season .  The  rule, 
however,  should  be  to  keep  the  surface  soil  thoroughly 
pulverized  and  friable  and  cultivate  as  often  as  it  be- 
comes compacted  at  the  surface. 


PiK.  2. 

CANE  AT  TIME  OF  LAYING  BY. 


-!.' 


19 


In  June  or  July  the  suckering  should  be  finished  and 
the  growth  so  far  advanced  and  the  ground  so  shaded 
that  further  cultivation  is  unnecessary  and  the  crop  may 
be  laid  by. 

HARVESTENG— On  small  plantations,  or  with  small 
areas,  which  is  the  condition  which  this  Bulletin  is  chief- 
ly intended  to  meet,  the  actual  harvesting  of  the  crop 
should  be  preceded  by  stripping  the  stalks  some  two 
weeks  before  grinding  is  to  begin.  This  practice  has  two 
advantages.  First,  ripening  of  the  cane  and  consequent 
storing  up  of  sugar  is  furthered.  Second,  as  the  leaves 
must  inevitably  be  removed  before  the  cane  can  be  ground, 
by  performing  the  labor  at  this  time  economy  is  effected 
by  reducing  the  amount  of  labor  actually  required  at  the 
time  of  harvest.  It  is  even  problematical  if  this  practice 
would  not  be  best  under  all  circumstances,  though  on 
large  plantations  stripping  of  the  cane  is  performed  by 
means  of  the  cane  knife  at  the  time  the  stalk  is  actually 
cut. 

THE  PRESERVATION  OF  SEED  CANE,— For 
the  Spring  planting  advised  seed  cane  must  be  kept  over 
Winter.  This  may  be  easily  done  by  throwing  two  or 
more  rows  together  on  the  ground  so  that  the  foliage  of 
one  plant  covers  the  stalk  of  the  other  and  protects  it. 
The  earth  is  then  turned  toward  the  row  on  both  sides 
by  a  plow  and  the  covering  completed  by  hoe.  Care 
must  be  taken  to  provide  for  drainage,  and  on  wet  soils 
the  seed  cane  is  best  removed  to  the  dryest  available 
place.  The  green  tips  too  low  in  sweetness  for  other  use 
make  superior  seed  and  should  be  preserved  for  the 
purpose. 

EFFECT  OF  TIME  OF  HARVEST  UPON 
YIELD   OF  SUGAR.— We  come  now  to  the  considera- 


*  (Sugar  Cane,  vol.  I,  page  154) 
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tion  of  a  most  important  point,  indeed  one  on  which  the 
entire  suocees  of  cane  growing  may  not  infrequently 
depend.  It  is  a  universally  recognized  fact  that  the 
longer  the  period  of  growth,  or  time  during  which  the  cane 
may  be  allowed  to  stand  in  the  field,  that  is,  up  to 
the  time  of  actual  freezing  weather  which  shall  convert 
sucrose  into  glucose,  the  better.  In  this  connection,  there- 
fore, it  is  well  to  suggest  that  the  cane  need  not 
necessarily  be  taken  to  the  mill  and  crushed  at  the 
time  of  cutting,  but  that  it  may  be  allowed  to  remain 
standing  as  long  as  serious  danger  from  frost  will  permit 
and  then  be  cut  and  wind-rowed  in  the  same  way  that 
seed  cane  is  preserved,  in  which  condition  it  may  be  kept 
intact  and  uninjured  long  after  frost  occurs  and  from  the 
wind-row  be  removed  to  the  mill  and  worked  up  at  leisure. 
As  bearing  upon  the  point  of  the  effect  of  longer 
standing  and  continued  ripening  upon  the  sugar  content,, 
an  experiment  was  made  with  three  varieties  of  cane  at 
hand,  stalks  being  cut  and  polarized  for  sugar  at  ten-day 
intervals  with  the  following  results: 

Nov.  20.  Nov.  30.  Dec  10. 

Red  cane 14.22  15.34  15.60 

Green  cane 10.10  11.41  15.15 

Ribbon  cane 10.34  12.36 

Comparison  of  these  figures  shows  that  an  increase  of 
ten  days  in  the  period  of  growth  is  followed  by 
an  increase  of  1 . 2  per  cent,  and  an  increase  of  twen- 
ty days  in  the  period  of  growth  results  in  an  average  in- 
crease of  4.39  per  cent  in  sugar  content — the  difference^ 
between  a  possible  losing  crop  and  an  extremely  profita- 
ble one,  so  that  the  inevitable  conclusion  is  that  with  the 
precautions  against  frosts  suggested,  cane  should  be  left 
standing,  growing  and  ripening  as  long  as  possible,  and 
that,  for  our  latitude,  December  10  is  a  reasonably  safe- 
and  the  most  profitable  time  for  beginning  the  harvest. 

Not  only  is  this  fact  of  vital  importance  as  control- 
ling our  own  practice,  but  it  sheds  great  light  upon  the 
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question  of  the  relative  adaptation  of  our  State  to  the 
successful  and  profitable  production  of  sugar-cane  as 
compared  with  the  prevailing  conditions  in  Louisiana,  the 
recognized  sugar-producing  center  of  the  country.  In  that 
State  conditions  are  such  that  most  sugar  planters  act- 
ually begin  harvesting  their  crop  in  October,  while  Dr. 
Stubbs,  in  a  laudable  endeavor  to  extend  the  period  of 
ripening  and  thus  increase  the  sugar  yield,  advises  that 
"Nov.  1st  would  seem  from  experience  to  be  the  best  time 
to  begin  the  harvest"*  There  would  seem,  however,  to 
be  no  question  that  a  period  of  •growth,  five  to  six  weeks 
longer  than  that  advised  for  Louisiana,  is  available  to  the 
cane  grower  of  Florida,  even  in  the  latitude  of  Lake  City 
and  Jacksonville,  which  localities,  however,  are  far  north 
of  the  actual  center  of  probable  profitable  cane  produc- 
tion in  Florida .  In  further  support  of  this  assertion  I  re- 
fer to  the  weather  statistics  covering  a  period  of  ten 
years  of  observation  at  the  Louisiana  Sugar  Experiment 
Station,  whereby  it  appears  that  during  five  years, of  the 
ten  included, injurious  frosts  have  appeared  there  during 
the  month  of  November,  while  the  records  of  the  United 
States  Weather  Service  Station  at  Jacksonville,  covering 
a  period  of  twenty  years,  show  no  occurrence  of  killing 
frosts  during  this  month,  the  average  lowest  temperature 
of  which,  for  this  period,  is  54.1  degrpes.  t 

When  it  is  further  remembered  that  the  data  for 
Louisiana  are  from  the  State  Sugar  Experiment  Station, 
the  location  of  which  is  in  the  very  center  and  presuma- 
bly the  most  favored  portion  of  the  State  for  cane  devel- 
opment, while  those  for  Florida  are  from  Jacksonville,  a 
locality  on  the  very  northern  confines  of  the  cane-produc- 
ing portion  of  Florida  and  more  than  100  miles  north  of 
the  real  cane  area  of  the  State,  south  of  which  there  i&  an 
enormous  extent  of  cane  lands  below  the  28th  parallel 

and  recognized  as  practically  below  the  frost  line,  there 
can  be  no  question  that  Florida  possesses  advantages  for 
cane  growing  and  sugar  producing  possessed  by  no  other 
State  in  the  Union . 


•  Sugar  Cane,  page  159 . 

f  The  average  date  of  the  first  frost  at  Jacksonville  is  Dec.  4. 
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11. 

SYRUP. 

THE  REQUIREMENTS  OF  GOOD  SYRUP— Before 
proceeding  to  the  particular  consideration  of  the  experi- 
ments undertaken  in  the  making  of  syrup,  it  is  essential 
that  the  characteristics  of  such  syrup  as  is  found  in  the 
market  be  understood  and  that  the  properties  of  the  syrup 
that  is  desired  or  that  secures  most  ready  sale  be  com- 
pared with  the  same,  that  the  necessity  for  change  or 
improvement  and  the  objects  of  the  same  may  be  noted. 

The  first  essential  in  any  article  to  be  placed  upon 
the  market  is  that  it  possess  a  stable  or  fixed  character, 
composition  or  quality  without  which  the  uncertainty  at- 
tendant upon  its  purchase  or  use  is  so  great  as  to  mate- 
rially diminish  the  demand  for  the  same,  if  not  to  actual- 
ly ruin  its  commercial  value. 

The  highest  grade  of  syrup  must  have  a  density  or 
thickness  so  regular  or  constant  that  variations  are  not 
detected  by  superficial  or  ordinary  physical  means  and 
which  if  tested  by  a  saccharometer  shows  a  density  of 
approximately  38  degrees  Beaum^.  In  color  it  must  be 
entirely  devoid  of  any  tinge  of  green,  be  distinctly  amber, 
clear  and  with  a  perceptibly  reddish  tint.  It  yhould  not 
crystallize,  and  should  be  so  permanent  in  composition  as 
to  not  readily  undergo  fermentation . 

OBSTACLES— That  so  little  syrup  possessing  the 
properties  here  described  is  actually  on  the  market  is  self- 
evident  proof  of  the  fact  that  obstacles  to  the  attainment 
of  the  desired  results  exist  to  such  a  degree  as  to  have 
been  thus  far  insurmountable  in  practice.  Yet  syrup  with 
the  characteristics  described  does  actually  exist  and  when 
ever  found  commands  a  ready  premium,  which  fact  Is  suf- 
ficient incentive  toward   further  striving  to  au  end  so 
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unquestionably  desirable.  Among  the  causes  conducive 
to  the  present  condition  of  Florida  syrup  may  be 
mentioned  as  of  importance  and  demanding  special  con- 
sideration, the  effects  of  different  soils  upon  the  charac- 
ter of  the  cane  produced,  the  effects  of  varying  conditions 
of  climate  and  season  and  the  fact  that  practical  and  elQQi- 
cient  means  for  controlling  results  affecting  the  stability 
have  heretofore  been  inaccessible. 

VAKIATIONS  IN  DENSITY  OR  THICKNESS  OF 
SYRUP — ^It  is  a  thoroughly  accepted  fact  that  syrup  va- 
ries so  greatly  and  cdbstantly  in  density,  or  thickness,  as 
to  destroy  its  character  as  a  stable  market  commodity.  It 
was  not  expected  that  changes  or  modifications  in  meth- 
od, which  might  be  suggested,  would  necessarily  result  in 
the  production  of  syrup  superior  to  any  heretofore  known^ 
the  object  being  rather  to  devise  such  means  of  control  as 

would  result  in  constancy  of  composition  whereby  all 
syrup  produced  by  any  individual  maker  would  be  the 

same.  It  is  true  that  most  syrup  boilers  claim  thor  the 
product  produced  by  them  is  always  constant.  Consum- 
ers, however,  are  well  aware  of  the  fact  that  a  barrel  of 
syrup  obtained  from  any  individual  grower  of  cane  today 
may  be  wholly  unlike  that  engaged  for  delivery  tomor- 
row, and  that  the  product  of  one  farm  may  be  as  unlike 
that  from  a  neighboring  place  as  molasses  is  unlike 
honey . 

To  demonstrate  the  fact  that  the  most  skillful  sugar 
boiler  could  not  judge  of  the  thickness  of  his  product  suf- 
ficiently accurately  to  make  two  consecutive  runs  of  syrup 
identical  in  density  when  brought  to  the  test  of  the 
saccharometer,  the  best  available  sugar  boiler,  a  man 
with  long  experience  who  had  made  syrup  annually  on 
the  Station  farm  for  eleven  years,  was  put  to  the  test  of 
comparing  his  judgment  or  opinion  of  the  proper  density 
of  syrup  with  the  actual  test  of  the  Beaum6  saccharome- 
ter .  He  was  cautioned  to  make  no  drawing  until  to  the 
very  best  of  his  judgment  the  syrup  was  ready,  and  that 
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each  drawing  was  to  be  subjected  to  a  scientifio  test  to 
determine  the  degree  of  his  accuracy.  He  was,  therefore, 
placed  on  his  guard  with  every  incentive  to  care,  deliber- 
ation and  the  best  possible  action .  Different  drawings  of 
syrup,  each  of  which  was,  to  the  best  of  his  judgment, 
perfect  and  in  his  opinion  of  the  same  density  as  the  pre- 
ceding drawing,  were  taken  and  tested  with  the  follow- 
ing results  expressed  in  readings  of  the  Beaum^  scale: 
34.8,  33,  33.5,  31.5,  37,  32.5,  33.5,  32,  33.5,  34,  33,  34.2.  It 
thus  appears  that,  instead  of  being  as  he  and  most  other 
syrup  boilers  would  aflfirm,  constant  in  composition,  that 
no  two  consecutive  drawings  of  syrup  were  alike  in  den- 
sity, and  that  the  variations  extended,  under  every  possi- 
ble precaution,  from  32  to  37,  a  maximum  variation  of 
five  degrees.  It  must  be  borne  in  mind  in  this  connection 
that  33  degi'ees  Beaume  is  the  accepted  proper  consisten- 
cy, density  or  thickness  for  cane  syrup,  and  that,  in  the 
most  skillful  hands,  when  personal  judgment  is  depend- 
ed on,  variations  of  five  degrees  are  possible,  and  that,  in 
the  hands  of  careless  or  unskilled  makers,  the  variation 
must  be  even  greater .  The  variation  in  the  thickness  is 
demonstrated  and  the  desirability,  indeed  indispensabili- 
ty,  of  a  feasible  means  for  securing  evenness  or  constancy 
of  quality  is  established. 

Recognizing  that  some  simple  means  for  ascertaining 
the  thickness  of  syrup  was  the  first  essential  toward  se- 
curing stability  of  product,  and  further,  that  the  means 
utilized  in  the  laboratory  was  wholly  impracticable  for 
common  farm  use,  much  time  and  experimental  testing 
was  given  to  this  phase  of  the  subject  in  the  hope  of  de- 
vising a  simple,  easily  available,  cheap  and  non-destructi- 
ble method  for  determining  the  density  of  syrup  with 
scientific  accuracy,  so  that  the  maker  could  be  assured 
that  every  drawing  would  be  exactly  like  every  other 
drawing,  and  that  the  product  should  be  stable  and  to  be 
depended  on . 

The  thickness  of  a  syrup  depends  upon  its  density, 
and  density  is  controlled  by  specific  gravity  or  relative 
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weight  The  thicker  or  more  dense  a  fluid  is^  the  less 
deep  will  a  giyen  solid  substance  sink  therein,  because 
the  greater  the  density  of  the  fluid,  the  greater  its  sup- 
porting power  or  buoyancy.  The  more  salt,  for  instance, 
which  may  be  present  in  water,  the  greater  is  the  float- 
ing power  of  that  water.  The  same  fact  is  true  of  solu- 
tions of  sugar.  The  more  sugar  present,  and  consequent- 
ly the  less  water  in  a  given  sugar  solution,  or  syrup,  the 
greater  is  the  supporting  or  floating  power  of  that  syrup. 
This  is  the  principle  on  which  saccharometers  and  other 
speciflc  gravity  or  density  tests  are  based,  and  it  is  this 
principle  which  was  utilized  as  the  basis  for  a  simple  ap- 
paratus devised  to  meet  the  requirements  of  the  case  and 
which  is  illustrated  in  Pig.  3.  It  consists  of  any  com- 
mon botttle  which  will  hold  a  pint  or  more  of  syrup,  a  pint 
beer  bottle  admirably  answering  the  purpose.  In  the  syr- 
up with  which  this  bottle  is  to  be  fllled  a  stick  is  made  to 
float,  having  first  been  so  weighted  at  one  end  with  lead 
that  it  stands  upright  in  the  liquid  instead  of  lying  down 
or  resting  against  the  sides  of  the  bottle.  This  is  essen- 
tially a  specific  gravity  tube  or  Beaume  saccharometer, 
the  only  difference  being  that  the  latter  instrument  con- 
sists of  a  hollow  glass  tube  with  a  graduated  scale  at  the 
bottom  of  which  mercury  is  introduced  as  a  counterpoise 
for  securing  uprightness  and  equilibrium . 

MAKING  A  SIMPLE  SYRUP  TESTER— The  above- 
mentioned  apparatus  (see  Fig.  3)  may  be  constructed 
as  follows:  Take  any  ordinary  glass  bottle  of  a  capacity 
not  less  than  one  pint.  Take  a  straight,  dry,  thoroughly 
seasoned,  hard- wood  stick  about  one-quarter  of  an  inch  in 
■diameter  and  from  twelve  to  fifteen  inches  long.  Fill  the 
bottle  with  syrup.  Roll  a  narrow  piece  of  sheet  lead 
around  one  end  of  the  stick,  or  introduce  a  few  shot  into 
a  hollow  in  the  bottom  of  the  same.  Drop  the  stick  into 
the  bottle  filled  with  syrup  and  increase  or  decrease  the 
amount  of  lead  used  until  the  stick  floats  upright  in  the 
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Fig.  3. 
A.  A.— Point  Indicating  proper  density  of  Syrup. 
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syrup  with  at  least  two  inches  of  space  between 
its  lower  end  and  the  bottom  of  the  bottle.  The 
Hflinrntnn  is  now  complete  ecxept  for  supplying 
its  scale  or  gauge.  To  9o  this,  mike  a  run  oT  syrup 
carefully  and  continue  the  boiling  until  by  cool- 
ing a  small  quantity  you  are  positive  that  it  has 
attained  the  degree  of  thickness  that  is  perfectly  satisfac- 
tory, and  which  you  are  willing  to  accept  as  a  sample  or 
standard  for  your  entire  product.  Then  fill  the  bottle 
with  this  syrup  while  boiling,  drop  the  weighted  stick 
into  the  syrup  and  let  it  settle  carefully  until  it  has 
reached  equilibrium.  Mark  the  place  upon  the  stick  at 
the  line  reached  by  the  surface  of  the  syrup,  preferably 
by  cutting  a  notch  therein  or  by  a  black  thread  tied  about 
the  stick.  The  apparatus  is  now  completed  and  is  ready 
for  use.  Test  every  drawing  of  syrup,  or  different  drawings, 
sufficiently  often  to  give  a  fair  sample  of  the  whole,  con- 
tinuing the  boiling  until  our  improvised  sacclj ammeter,  or 
"syrup  tester,"  sinks  into  the  syrup  to  the  mark  or  notch 
made.  By  this  means  every  sample  of  syrup  drawn  or 
thus  tested  will  be  of  the  same  density  or  thickness  as 
the  original  sample  used  as  a  standard,  and  there  will  be 
no  variation  in  quality  so  far  as  density  is  concerned,  but 
the  entire  output  will  be  uniform  with  scientific  exact- 
ness. 

EFFECTS  OF  VARIETY— Among  the  factors  or 
conditions  modifying  the  composition  and  quality  of  the 
syrup,  the  variety  of  cane  used  exerts  great  influence. 
Two  varieties  only  are  sufficiently  well  known  and  com- 
mendable to  demand  consideration  in  this  connection.  A 
few  facts  concerning  their  relative  characteristics,  how- 
ever, seem  to  be  important  as  furnishing  assistance  to- 
ward governing  their  selection.  These  varieties  are  the 
cotniiion  red  cai.e  and  the  green  caue.  The  former  is  un- 
questionably much  the  more  hardy  and  is  therefore  pref- 
erable for  more  northern  localities.    It,  moreover,  posses- 
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ses  the  advantage  of  ripening  earlier.  This  latter  fact  is 
well  demonstrated  by  the  analyses  made  of  our  own  crop 
this  year.  Moreover,  the  red  cane  contains  considerably 
more  sugar  than  the  green,  but,  at  the  same  time,  be- 
cause of  the  greater  amount  of  coloring  matter  present  in 
the  stalk,  gives  a  darker  colored  syrup .  The  average  su- 
gar content  of  the  red  cane  tested  at  four  different  periods  of 
ripening  the  present  season  was  14 .  85  per  cent,  while  the 
green  cane  showed  but  11.94  per  cent — a  difference 
of  2.91  per  cent  in  favor  of  the  red  cane.  The 
first  test  of  the  red  cane  during  the  season,  on  Nov.  20th, 
showed  14 .  22  per  cent  of  sugar,  while  the  green  cane  on 
the  same  date  contained  but  10.10  per  cent,  a  difference 
of  4 .  12  per  cent  in  favor  of  the  red  cane .  At  the  end  of 
the  season,  however,  the  last  test  made,  Dec.  10th,  showed 
the  red  cane  to  contain  15 .  60  per  cent  and  the  green  cane 
15 .  15  per  cent,  a  difference  of  but  .  45  per  cent  in  favor  of 
the  red  cane.  These  facts  demonstrate  that  for  small 
areas  and  the  manufacture  of  syrup  in  moderate  quanti- 
ties where  the  full  period  of  ripening  can  be  allowed,  the 
green  cane  is  preferable,  inasmuch  as  the  slightly  greater 
degree  of  sweetness  attained  by  the  red  cane  does  not 
compensate  for  the  darker  color  of  the  syrup  produced. 
On  large  areas,  however,  where  sugar  content,  hardiness 
and  early  ripening  are  essential,  the  red  cane  stands  pre- 
eminent . 

THE  EFFECTS  OF  SOIL  UPON  QUALITY— It  is 
an  accepted  fact  that  quality  and  texture  of  soil  material- 
ly influence  the  character  of  the  syrup  produced,  this  be- 
ing particularly  true  of  the  effect  of  the  heavier  quality 
of  soils  and  also  of  certain  organic  constituents  some- 
times applied  as  fertilizers,  which  result  in  imparting  an 
undesirable  flavor  to  the  product.  The  only  fact  in  this 
connection,  however,  which  seems  worthy  of  considera- 
tion here  is  the  influence  of  soil  upon  sugar  content. 

Our  analyses  show  an  average  of  16.60  per  cent  of 
sugar  in  upland  cane  and  14.99  per  cent  in  bottom  cane, 
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a  difference  of  1.61  per  cent  in  favor  of  Uie  upland  pro- 
duct. It  should,  however,  be  remembered  that  this  de- 
crease in  sugar  content  in  the  cane  grown  upon  bottom 
lands  is  explained  by  the  greater  luxuriance  of  growth  so 
#that  the  loss  in  proportion  of  sugar  is  more  than  compen- 
sated for  by  the  increase  in  yield  of  cane,  a  fact  wholly  in 
keeping  with  the  universal  preference  of  cane  growers  for 
bottom  lands  for  their  cane  fields. 

MAKING  THE  SYRUP— The  first  step  toward  mak- 
ing syrup  from  cane  is  the  freeing  of  the  juice  from  the 
stalk,  and  the  means, by  which  this  is  to  be  accomplished 
is  the  key  to  the  economy  of  the  process.  Although  the 
crudest  appliances,  even  wooden  rollers,  are  capable  of 
expressing  juice  from  which  syrup  or  sugar  may  be  made, 
still  the  more  juice  which  can  be  expressed  from'a  given 
amount  of  cane,  the  greater  is  the  success  of  the  opera- 
tion .  For  domestic  and  smaller  manufacturing  purposes 
the  simple  horse-power  mill  is  commendable.  This  mill, 
however,  should  consist  of  three  rollers,  the  two-roller 
mill  being  so  imperfect  in  action  and  expressing  so  small 
a  part  of  the  juice  as  to  be  extremely  wasteful.  A  good 
three-roller  mill,  with  the  rollers  screwed  tightly  togeth- 
er, is  capable  of  expressing  from  seventy  to  seventy-five 
per  cent  of  the  actual  juice  in  the  cane.  This  matter  of 
keeping  the  rollers  screwed  tightly  together  is  one  of  such 
importance  that  it  should  be  regularly  looked  after  and 
the  screws  tightened  whenever  necessary,  till  the  bag- 
asse, or  crushed  cane,  comes  through  in  short  pieces . 

The  juice  having  been  expressed  from  the  cane,  the 
first  process  in  actual  syrup  making  is  at  an  end,  and  the- 
next  step  is  that  of  freeing  the  juice  as  largely  as  possi- 
ble from  foreign  substances.  In  common  farm  practice 
this  consists  simply  in  straining  it  through  a  gunny-sack 
as  it  comes  from  the  mill .  This,  however,  although  desir- 
able, only  suffices  to  remove  from  the  juice  the  small  par- 
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tides  of  cane  that  pass  from  the  rollers.  There  remain 
many  other  foreign  substances,  the  presence  of  which  is 
detrimental  to  the  quality  of  the  syrup  and  the  removal 
of  which  is  indespensable  to  securing  of  the  best  product. 
Chief  among  these  are  coloring  matters  and  the  so-called  < 
non-sugar  carbo-hydrates  and  albuminoid  compounds. 
The  method  which  has  been  universally  recommended  by 
the  Experiment  Stations  for  accomplishing  this  removal 
consists  of  sulphuring  and  liming  the  juicQ.  The  first  pro- 
cess being  to  subject  the  juice,  as  it  comes  from  the  mill, 
to  the  action  of  sulphurous  acid  fumes  obtained  from  the 
burning  of  sulphur  in  a  furnace  constructed  for  the  pur- 
pose, and  then  the  removal  of  sulphurous  acid  by  defeca- 
tion of  the  juice  with  milk  of  lime  in  a  separate  pan  or 
boiler  before  the  actual  proems  of  evaporation 
begins.  That  the  method  accomplishes  the  object 
sought  and  results  in  a  superior  quality  of  syrup 
there  can  be  no  question.  That  it  is  comparatively  ex- 
pensive, inconvenient  and  impractical  for  general  domes- 
tic use  is,  however,  equally  true  and  is  abundantly  demon- 
strated by  the  fact  that,  though  the  method  has  been  re- 
commended by  every  publication  issued  by  an  Experi- 
ment Station  treating  of  syrup-making  during  the  past 
decade,  the  method  has  not  actually  been  adopted  by  one 
syrup-maker  in  a  hundred. 

In  view  of  these  facts,  a  series  of  experiments  was 
undertaken  in  the  hope  of  devising  a  simple  and  practical 
means  so  inexpensive  as  to  be  within  reach  of  all  and  so 
easily  available  that  the  means  for  using  the  same  might 
be  secured  without  effort  on  anv  Florida  farm.  These  ex- 
periments  were  divided  into  two  clases — first,  the  filter- 
ing or  freeing  of  the  juice  from  foreign  materials  by  pure- 
ly physical  means,  and  second,  the  defecation  or  precipi- 
tation of  impurities  remaining  in  the  juice  after  filtering. 

FILTERING  THE  JUICE— The  experimenis  m  iil- 
tiM-ing  included  the  use  of  every  material  wliich  has  ever 
been  suggested  for  the  purpose  by  reliable   authorities 


31 


and  a  trial  of  numerous  new  materials  which  it  was  con- 
ceived might  possibly  accomplish  the  end  sought. 

It  is  not  deemed  necessary  to  go  into  particulars 
as  to  the  eflfect  of  each  material  used,  but  to 
simply  give  the  list  of  these  materials  and  the  de- 
tails recommended  to  be  followed  with  the  article 
having  shown  most  satisfactory  results.  The  fil- 
tering materials  tried  included  straw,  hay,  seed- 
cotton,  cotton-lint,  sand,  shavings,  excelsior,  saw- 
dust, ground  excelsior,  charcoal,  fuller's  earth  and  Span- 
ish moss.  The  last  material  was  so  unquestionably  supe- 
rior   to    any    other    used    that    it     was     adopted     as 

the  best  and  most  feasible  article  for  the  purpose,  and 
was  used  exclusively  after  it^  advantages  were  demon- 
strated . 

The  method  of  use  was  as  follows:  Dry  moss, 
such  as  can  be  obtained  anywhere  in  the  State  of  Florida, 
was  carefully  picked,  and  freed  from  leaves,  sticks  and 
foreign  matter  and  thoroughly  washed.  A  tub,  or  half- 
barrel,  through  the  bottom  of  which  a  hole  for  the  outlet 
pipe  was  bored,  was  taken  and  a  piece  of  perforated  tin 
was  placed  over  this  outlet  on  the  inside  of  the  bottom  of 
the  tub.  The  tub  was  then  filled  with  the  cleaned  moss, 
which  was  packed  as  solidly  as  it  could  be  crowded  in  by 
the  weight  of  a  man,  until  it  was  filled.  It  was  then  placed 
under  the  outlet  gutter  from  the  mill  and  the  juice  was 
conducted  upon  the  moss  in  the  center  of  the  tub  by  a  tin 
trough .  This  juice  therefore  sank  by  gravity  through  the 
entire  thickness  of  moss  till  it  found  outlet  through  the 
pipe-hole  in  the  bottom  through  which,  by  means  of  a 
half-inch  iron  pipe,  it  was  conducted  by  gravity  to  the 
skimming  pan.  The  passage  of  the  juice  through  the  moss 
not  only  freed  it  of  all  coarse  and  floating  foreign  parti- 
cles but  filtered  out  a  very  large  proportion  of  the  non- 
sugar  contents  and  coloring  matter  so  that  the  juice  pass- 
ing through  the  outlet  pipe  was  nearly  as  clear  and  col- 
orless as  water.    The  only  precaution  necessary  in  using 
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this  method  is,  that  the  moss  naturally  occasionally  be- 
comes clogged  and  requires  renewing  onoe  in  two  or  three 
days  of  constant  running,  but  in  warm  weather  it  was 
found  that  the  juice  adhering  to  the  moss  in  the  tub  was 
liable  to  ferment  over  night  and  be  sour  in  the  morning^ 
under  which  circumstances  it  is  necessary  to  replenirii 
the  filter  with  fresh  moss  before  beginning  work  in  the 
morning. 

The  advantages  claimed  for  this  method  are  its  sim- 
plicity, cheapness  and  effectiveness.  It  accomplishes  all 
that  has  been  claimed  for  the  sulphuring  process,  and  yet 
is  so  easily  available  as  to  be  accessible  to  any  farmer  in 
Florida,  practically  without  either  trouble  or  expense. 

CLARIFYING  THE  JUICE— Satisfactory  and  effec- 
tive as  the  above  described  nlethod  proved  itself,  it  is  not 
sufficient  for  securing  such  results  as  we  aimed  at,  furth- 
er clarifying  of  the  juice  being  still  desirable.  For  this 
purpose  the  usually  recommended  method  is  the  use  of 
three  different  pans  or  vessels,  in  the  first  of  which  after 
sulphuring,  the  juice  is  treated  with  milk  of  lime.  The  ob- 
jections t.o  this  method  have  already  been  stated  in  con- 
nection with  the  sulphuring  process  as  a  whole.  A  sim- 
-^ler  method  was  deemed  indispensable  if  the  same  was  to 
be  recommended  for  general  domestic  use.  The  first  re- 
commendation in  this  connection  which  is  offered  as  that 
securing  the  finest  product,  whatever  may  be  the  means 
by  which  the  juice  is  finally  converted  into  syrup,  wheth- 
er the  evaporation  be  conducted  in  an  iron  kettle  or  an 
evaporating  pan,  clarifying  or  skimming  of  the  juice 
should  be  effected  in  a  different  vessel  from  that  in  which 
the  final  condensation  of  the  syrup  takes  place.  Our  ex- 
periments were  made  with  the  use  of  a  common  shallow 
Chattanooga  evaporator.  The  filtered  juice  as  it  came 
from  the  filter  was  conducted  into  an  open  pan 
of  the  same  size  as  the  evaporator  but  about  eight 
inches  deep,  such  as  can  be  made  by  any  tinsmith.  This 
was  placed  upon  a  brick  furnace,  side  by  side  with  the 
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evaporator,  with  a  space  of  about  six  feet  between  the 
two,  so  that  both  pans  and  fires  coald  be  tended  by  one 
man  with  no  material  increase  in  labor.  It  should  be 
added,  however,  that  there  was  very  little  if  any  increase 
in  fuel  needed,  inasmuch  as  the  heat  required  for  raising 
the  juice  to  the  boiling  point  in  the  first  pan  was  not  re- 
quired in  the  evaporator,  hot  juice  instead  of  cold  being  in- 
troduced into  the  latter,  there  being  a  half  inch  connecting 
pipe  extending  from  the  bottom  of  the  first  pan  to  the 
evaporator.  This  introduction  of  a  second  pan  is  deemed 
in  every  way  indispensable  to  the  securing  of  best  results, 
whatever  may  be  the  treatment  of  the  juice  or  the  meth- 
od of  final  evaporation,  even  in  the  event  a  common  iron 
kettle  is  used  for  finishing  the  syrup.  The  advantages  of 
this  supplementary  pan  lie  in  the  fact  that  where  the  boil- 
ing, skimming,  evaporating  and  condensing  all  take  place 
in  one  kettle  or  evaporator,  it  is  absolutely  impossible^ 
except  where  work  is  conducted  on  the  smallest  possible 
scale  and  with  constant  personal  care,  to  prevent  the  mix- 
ing of  unskimmed  fresh  juice  with  the  partially  finished 
syrup,  or  of  imperfectly  removed  scum  with  the  nearly 
completed  syrup.  These  contingencies,  however,  are 
wholly  avoided  when  the  syrup  is  raised  to  its  boiling  point 
in  a  separate  pan  in  which  all  of  the  skimming  is  to  be 
donp  so  that  only  perfectly  clear,  hot  juice  is  introduced 
into  the  finishing  pan,  kettle  or  evaporator.  A  further 
precaution  is  to  be  recommended,  viz.,  that  the  juice  from 
the  mill,  instead  of  being  conducted  directly  into  the  first 
pan,  be  reservoired  or  held  back  in  a  trough  or  barrel  so 
that  the  contents  of  the  pan  may  be  allowed  to  fiow  into 
the  evaporator  as  required,  in  which  no  skimming  what- 
ever will  be  necessary  and  the  syrup  produced  will  be  en- 
tirely free  from  all  contamination  resulting  from  the  pres- 
ence of  unremoved  coloring  matter. 

PRECIPITATION   BY   FULLER'S  EARTH— A 
modification    of    the    above   method   was   resorted    to 
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experimentally  by  the  introduction  of  fuller's  earth  into 
the  first  pan  at  the  rate  of  one  pound  of  earth  to  five  gal- 
lons of  juice  and  bringing  the  contents  to  the  boiling 
point,  when  all  the  coloring  matter  and  albuminous  impu- 
rities, ordinarily  forming  a  scum  upon  the  surface,  were 
immediately  precipitated  to  the  bottom  of  the  pan,  leav- 
ing a  perfectly  clear  and  almost  transparent  fluid  behind, 
which  is  easily  drawn  off  with  syphon  or  through  an  out- 
let pipe  placed  about  one  inch  above  the  bottom  of  the 
pan.  The  cost  of  this  method  with  fuller's  earth  worth 
|14  per  ton  is  very  sliglrt,  and  the  earth  exists  in  large  de- 
posits in  several  parts  of  the  State.  So  far  as  actual  re- 
sults are  concerned,  the  syrup  produced  by  this  modifica- 
tion compares  in  ev(u*y  way  favorably  with  that  obtained 
by  the  simple  skimming  of  the  juice,  but  it  does  not  pos- 
sess advantages  over  the  same.  The  metliod,  therefore, 
possesses  merit,  but  is  hardly  yet  to  be  recommended  for 
general  use  t^xcept  in  cases  of  highly  colored  juices  from 
which  inferior  syrup  is  produced  b}'  the  other  method. 

FINISHING  AND  TESTING  THE  SVKUP— How- 
ever clear  the  clarification  may  have  been,  the  qual- 
ity of  the  syrup  will  be  largely  controlled  by  the  final 
boiling  to  which  it  is  subjected.  For  this  purpose,  be- 
cause of  the  very  much  greater  control  possible,  steam 
h<nit  is  preferriHl.  It  is,  however,  recognized  that  on  most 
farms  circumstanc(^s  will  prevent  the  untilization  of 
steam  foi*  evaporation,  and  that  open  fires  under  kettles 
and  evaporators  must  continue  the  chief  recourse* .  Care, 
however,  must  be  exercised  that  the  syrup  shall  be  kept 
boiling  at  as  near  as  possible  an  even  tem]KM*ature  and 
tliat  the  su])i)ly  of  syrup  in  the  evaporator  be  so  constant 
that  scorching  is  impossible,  slight  scorching  being  detri- 
mcMital  both  to  taste  and  color  of  the  ])roduct.  The  point 
at  which  the  boiling  should  cease  and  the  finished  prod- 
uct be  removed  from  the  evaporator  is  the  crucial  test  of 
the  skill  of  the  operator  and  the  quality  of  his  product 
As  lias  alreadv  Ixhmi   shown,  however,    the  best  human 
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judgment  will  frequently  fail  on  this  point,  and  the  only 
safeguard  lies  in  subjecting  the  syrup  to  the  actual  test 
of  the  apparatus  or  tester  already  described  and  illustra- 
ted, by  means  of  which  all  variation  in  density  of  prod- 
uct is  rendered  absolutely  impossible. 

It  is  well  to  add,  however,  that  the  approximate  jftn- 
ishing  of  the  process  may  be  easily  recognized  by  allow- 
ing the  syrup  to  drip  from  the  edge  of  the  skimmer  or 
paddle,  and  if  the  drops  flow  together  and  stretching  out 
form  a  thin  film  upon  the  edge  of  the  skimmer  as  they 
fall  the  time  for  actual  testing  with  the  apparatus  men- 
tioned has  arrived. 

PRESERVING  THE  SYRUP— As  already  men- 
tioned, the  heretofore  nearly  insurmountable  obstacle 

toward  placing  the  syrup  upon  the  market  as  a  commer- 
cial product  has  resulted  from  the  fact  that  as  ordinarily 
made  and  marketed  it  was  so  unstable  as  to  undergo  fer- 
mentation, deterioration  or  destruction  within  a  compar- 
atively few  weeks  or  months  at  most.  There  have  been^ 
many  methods  proposed  for  overcoming  this  diflSculty,  all 
of  which,  however,  including  the  sulphuring  and  liming 
already  mentioned,  have  rested  upon  the  introduction  of 
a  foreign  substance  into  the  syrifp  to  counteract  its  nat- 
ural tendency,  rather  than  upon  the  removal  of  the  actual 
cause  of  this  tendency.  Our  experiments  and  methods 
have  been  conducted  on  the  supposition  that  this  fermen- 
tation or  destruction  of  the  syrup  was  due  not  so  much  to 
any  inherent  property  of  the  syrup  itself  as  to  the  pres- 
ence of  impurities,  the  elimination  of  which  would  neces- 
sarily be  followed  by  a  disappearance  of  the  trouble.  In 
other  words,  that  thorough  purification  and  clarification 
of  juice  and  syrup  would  necessarily  result  in  improved 
keeping  qualities  in  the  product . 

The  methods  already  described  as  practised  by  us 
have  apparently  demonstrated  the  correctness  of  this  sup- 
position, indeed  at  the  time  of  the  present  writing  we 
have  samples  of  syrup   made  by  the  method   described 
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which  have  been  exposed  in  open  vessel  b  in  a  warm  roonr 
for  three  months  without  the  slightest  fermentation,  crys- 
talization  or  deterioration.  It  is  recognized,  however^, 
that  the  process  of  decomposition,  resulting  in  the  dete- 
rioration of  the  quality  of  the  syrup  depends  for  existence- 
upon  access  of  air,  and  that  in  the  absence  of  air  the  pro- 
cess is  materially  checked  or  absolutely  prevented.  The 
natural  suggestion,  therefore,  is  that  syrup,  for  preserva- 
^  tion,  should  be  put  up  in  some  receptacle  in  which  it  may 
be  hermetically  sealed  when  hot.  Bottles,  jugs  and  simi- 
lar articles  have  been  more  or  less  used  for  the  purpose, 
but  a  careful  consideration  of  all  the  facts  involved  leads 
to  the  conclusion  that  the  ideal  syrup  receptacle  is  a  tin 
can  of  moderate  size  which  may  be  sealed  air-tight  and 
afterwards  handled  easily  with  no  possibility  of  injury  to 
contents . 

This  brings  us  to  a  matter  worthy  of  special  consid- 
eration . 

y  THE  MARKETING  OF  SYRUP.— Unless  preservation 
of  the  product  is  assured  it  is  recognized  that  there  will  be 
little  syrup  to  market,  and  therefore  preservation  and 
marketing  are  most  intimately  associated.  Moreover,  ex- 
cept for  domestic  consumption  upon  the  farm  where  pro- 
duced, the  marketing  returns  from  the  product  must  con- 
trol the  success  of  the  process.  This  phase  of  the  subject, 
therefore,  is  deemed  of  special  importance.  The  syrup 
made  by  the  process  described  has  not  only  been  pro- 
nounced by  experts  to  be  superior  to  anything  heretofore 
available,  but  it  has  actually  been  placed  on  the  market 
for  the  express  purpose  of  determining  its  actual  relative 
commercial  value,  on  which  the  merits  of  the  process 
must  finally  rest. 

Preservation,  ease  of  handling  and  cost  of  marketing 
were  the  points  considered .  The  different  forms  of  recep- 
tacle  or  package  heretofore  utilized  were  tried  and,  one 
by  one,  discarded  as  faulty.  Barrels  are  bulky  and  imper- 
fect preservers;  in  them  fermentation  is  probable.    The 


commoD  cypress  barrel,  moreover,  with  all  its  adrantages 
ahonld  be  rigorously  discarded  as  the  receiver  fcH* 
flrst-cIasB  syrup  such  as  is  aimed  at.  If  the  syrup  is 
tnrsed  in  while  hot  and  the  barrel,  as  is  usually  the  case, 
is  new,  the  contents  almost  invariably  acquire  a  foreign 
easily  detected  taste  very  materially  detrimental  to  the 
value  of  the  article.  This  is  true,  also,  of  old  barrels  and 
cold  syrup,  it  being  even  then  sufiBciently  perceptible  to 
detract  from  the  quality  of  the  syrup.  Bottles 
^re  expensive,  destructible,  inconvenient  to  fill  and 
diflQcult  of  transportation,  and  though  good  preservers 
when  tightly  stoppered  and  sealed  are  recommended  only 
for  home  nse.  Some  form  of  tin  can,  therefore,  seems  to 
be  the  only  commendable  recourse.  After  careful  consid- 
eration of  the  advantages  presented  by  different  forms 
And  sizes,  the  one-gallon  square  can  with  a  wide  orifice, 
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closed  air-tightly  by  a  cap  surrounded  by  a  rubber  ring 
and  fastened  by  the  so-called  lever  action,  was  adopted 
by  us  and  is  recommended .  In  this  the  syrup  sihould  be 
introduced  while  hot,  first  being  strained  through  a  thick- 
ness of  cotton  flannel  to  prevent  the  possible  introduction 
of  specks  or  accidental  impurities.  These  cans  are  ob- 
tained in  boxes  or  crates  containing  six  cans  each,  in 
which  they  should  be  shipped,  and  syrup  thus  put  up  will 
maintain  its  quality  uninjured  indefinitely,  possessing, 
moreover,  very  great  convenience  for  handling,  storing 
and  shipping.  The  can  and  its  construction  are  well  rep- 
resented in  the  accompanying  illustration.  (Fig.  5.) 

As  to  the  commercial  value  of  the  method  followed  a 
few  facts  are  important.  The  common  syrup  of  the  farm, 
for  which  the  county  in  which  the  Station  is  located  is 
well  known,  has  averaged  during  the  season  in  the  mar- 
kets of  Lake  City  15  cents  per  gallon  in  barrel  lots.  Our 
syrup  in  barrels  is  sold  in  any  quantity  we  have  been  will- 
ing to  market  for  26  cents  per  gallon,  net,  barrels  being  re- 
turnable to  us.  Shipments  of  syrup  in  cans  have  netted 
50  cents  per  gallon,  the  cost  of  the  cans  being  10  centa 
each,  though  larger  quantities  could  have  been  secured  at 
much  lower  rates.  Of  the  profits  of  the  process  of  mak- 
ing and  the  method  of  shipping,  therefore,  there  can  be 
no  question .  It  is  only  necessary  to  add  further  that  the 
process  having  been  put  to  the  test  of  actual  remunerative 
returns,  can  be  recommended  to  others  without  hesitation 
or  reservation. 
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III. 

SUGAR. 

Although  the  making  of  syrup  was  the  chief  experi- 
mental work  undertaken,  incidentally  some  attention  was 
given  to  the  process  of  sugar-making  with  the  object  of 
further  developing  this  domestic  industry  in  the  State.  It 
is  not  to  be  expected  that  the  home  manufacture  of  sugar 
can  take  its  place  as  an  important  commercial  undertak- 
ing upon  many  Florida  farm^,  the  capital  and  acreage  re- 
quired making  sugar  production  essentially  a  manufac- 
turing rather  than  an  agricultural  enterprise.  It  is  be- 
lieved, however,  that  conditions  of  climate  and  soil,  if 
properly  utilized,  would  naturally  place  Florida  in  the 
lead  as  a  commercial  sugar-producing  State,  and  that  cap- 
ital invested  in  this  business  in  Florida  would  certainly  be 
more  remunerative  than  is  possible  in  any  other  part  of 
our  country.  As  bearing  on  this  point,  a  comparison  of 
the  sugar  content  of  Florida  cane  with  the  average  for 
the  state  of  Louisiana  is  mportant.  Dr.  Stubbs,  Director 
of  the  Louisiana  Experiment  Station,  places  the  average 
for  his  state  at  12  percent'.*  This  amount  is  somewhat 
above  the  average  of  available  analyses,  but  is  adopted 
as  suflBciently  high. 

Our  analyses  of  Florida  cane  from  eighteen  different 
localities  covering  the  entire  state  the  present  season 
show  an  average  of  15.69  per  cent  of  sugar,  and  an 
average  coefficient  of  purity  for  the  juice  of  86.30  per 
cent.  The  Louisiana  comparison  is  12  per  cent  of  sugar 
and  a  coefficient  of  purity  of  80.50  per  cent.  A  difference 
of  3.69  per  cent  of  sugar  and  5.80  per  cent  of  purity  in 


From  a  very  kind  personal  letter  to  the  Author. 
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favor  of  the  Florida  product.  There  is  no  question  of 
equally  heavy  crops  in  our  state  so  the  superiority  of 
Florida  for  sugar  production  can  hardly  be  longer 
questioned. 

This  Bulletin,  however,  is  devoted  essentially  to 
the  interests  of  the  average  farmer  of  Florida  rath- 
er than  to  the  consideration  of  exceptional  conditions.  So 
far,  therefore,  as  it  can  touch  upon  the  question  of  sugar 
production  it  will  deal  solely  with  the  domestic  phase  of 
the  industry  in  the  hope  of  enabling  intelligent  growers 
of  sugar  cane  in  our  State  to  utilize  a  portion  of  the  same 
for  more  economically  and  satisfactorily  supplying  their 
own  home  and  local  requirements.  It  must  be  borne  in 
mind  that  all  that  has  thus  far  been  recorded  pertaining 
to  the  growing  of  cane  and  the  making  of  syrup  is  equal- 
ly applicable  when  the  ultimate  end  in  view  is  sugar 
rather  than  syrup,  the  essential  difference  being  that  the 
process  is  continued  farther. 

The  Spanish  moss,  double-pan  method  recommended' 
for  syrup  is  also  equally  applicable  and  commendable  for 
sugar . 

BOILING  FOR  SUGAR— After  the  syrup  stage  has 
been  reached,  if  sugar  is  desired,  great  care  should  be  ex- 
ercised that  all  danger  from  scorching  or  overheating  may 
heavoide'l.  Indeed,  the  lower  the  temperature,  the  less  the 
actual  amount  of  boiling  till  thedensity  necessary  forsugar 
forming  is  reached,  the  better.  High  temperature  and 
vigorous  boiling  having  a  tendency  to  invert  the  sugar 
and  thus  i)revent  crystallization,  should  be  carefully 
guarded  against.    Indeed,  so  important  is  this  fact  that 

the  crude  iron  kettle,  with  all  its  faults,  possesses  some 
advantage  as  the  finishing  receptacle  in  sugar  boiling  be- 
cause of  the  less  surface  exposed  to  direct  heat  and  con- 
sequently the  diminished  danger  from  over  boiling.  After 
the  syrup  stage  has  been  reached,  as  determined  by  our 
improvised  "syrup  tester,"  the  process  should  be  contin- 
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ued  according  to  temperature  for  twenty  or  thirty  min- 
utes, at  which  time  the  density  should  have  proceeded 
about  one- tenth  beyond  the  syrup  stage .  In  other  words, 
the  volume  of  the  syrup  should  have  been  diminished  by 
about  one-tenth. 

The  final  test  for  determining  when  the  proper  con- 
sistency has  arrived  does  not  rest  entirely  upon  density  or 
thickness,  and  therefore  the  saccharometer  is  useless.  The 
test  must  be  the  actual  crystallization  of  the  sugar.  If, 
however,  a  sample  of  syrup  is  found  to  grain  and  it  then 
be  tested  with  the  "syrup  tester"  and  an  additional  or 
lower  mark  be  placed  upon  the  stem  of  the  same,  this  will 
serve  as  the  safest  indicator  of  the  proper  time  to  stop 
boiling  for  future  runs. 

When  the  syrup  has  been  condensed,  as  mentioned,  it 
should  be  removed  to  a  barrel,  tub  or  trough,  or  where  a 
kettle  is  used  it  may  be  allowed  to  remain  in  the  same  af- 
ter withdrawal  of  the  fire . 

GRAINING — The  condensed  syrup  is  now  ready  for 
graining  or  crystallization,  which  process  will  inevitably 
take  place  in  it,  but  may  be  advantageously  hastened  by 
stirring  the  mass  while  cooling  with  a  stick  or  wooden 
paddle.  Not  only  is  the  process  of  crystallization  or  su- 
gar formation  thus  hastened,  but  the  quality  of  the  prod- 
•uct,  particularly  its  degree  of  whiteness,  is  very  material- 
ly improved  thereby.  The  time  which  will  be  required  for 
completing  this  graining  process  will  depend  upon  densi- 
ty, amount  of  impurities  present  and  the  relative  sucrose 
or  sugar  content  of  the  syrup.  With  reasonable  success  in 
quality,  the  period,  however,  should  rarely  continue  over 
one  hour,  and  may  be  completed  in  a  very  few  niinutes. 
When  the  graining  or  crystalizing  has  been  thus  effected 
the  process  is,  for  the  time  being,  at  an  end. 

PURGING. — The  soft  sugar  thus  formed  is  a  mix- 
ture of  sugar  and  molasses,  and  the  next  step  in  the  pro- 
cess is  the  separation  of  these  two  constituents.    This  is 
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best  and  most  simply  effected  by  turning  the  soft  mass, 
the  so-called  masse cuit,  into  flour  barrels,  through  the 
bottom  of  each  of  which  three  or  four  one-inch  auger  holes 
have  been  bored,  into  each  of  which  a  stalk  of  cane  as 
long  as  the  barrel  and  from  which  three  peelings  have 
been  taken  their  entire  length,  should  be  thrust.  The  bar- 
rels filled  with  the  masse  cuit  should  then  be  placed  on 
blocks,  benches  or  tables  so  that  they  are  raised  suffi- 
ciently from  the  floor  or  ground  to  allow  the  placing  of  a 
pan,  tub,  or  crock  under  each  barrel  for  catching  the  mo- 
lasses as  it  runs  off.  Time  alone  will  now  complete  the 
process,  the  purging  going  on  by  gravity  without  human 
assistance .  It  is  complete  when  the  molasses  has  so 
drained  off  as  to  leave  the  sugar  reasonably  dry  and  free 
from  all  sticky  tendency. 

If  the  process  is  successful  such  sugar  will  be  of  a 
light  brown  or  yellowish  color,  and  thoroughly  adapted  to 
most  domestic  uses,  and  will  find  ready  sale  for  local  con- 
consumption,  or  for  refining. 

WHITENING  THE  SUGAR.— The  demand  of  the 
market  and  perlmps,  unfortunately,  of  most  consumers  is 
for  sugar  entirely  free  from  all  natural  cane  flavor  or 
taste  and  perfectly  white  in  color — ^in  other  words,  the 
"granulated''  form  of  commerce.  This  product,  however, 
is  the  result  of  the  refining  process  involving  the  use  of 
complicated  machinery  and  great  capital.  There  are,  how- 
ever, simpler  means  by  which,  on  a  small  scale  with  a 
moderate  expense,  the  sugar  may  be  so  materially  whit- 
ened as  to  api)roach  the  character  of  granulated  sugar 
and  J  find  more  ready  sale.  The  simplest  of  these 
naethod*  is  one  devised  by  us  but  based  on  a  modification 
of  an  old  i)roce8s  used  in  the  days  when  loaf  sugar  was  a 
standard  article  of  commerce.  It  consists  simply  in  re- 
moving the  sugar  from  the  purging  barrel  and  placing  it 
in  a  tub  or  half-barrel  with  an  outlet  at  the  bottom.  The 
sugar  is  then  covered  by  a  single  thickness  of  common 
cheese  cloth,  on  top  of  which  is  placed  a  water  bucket- 
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ful  of  moist  clay  stirred  to  a  thick  paste.  The  result  will 
be  that  the  sugar  will  absorb  the  moisture  from  the  clay 
and  become  washed  thereby;  in  a  few  days'  time  the  su- 
gar will  have  become  so  materially  whitened  as  to  better 
meet  the  popular  demands,  indeed,  will  approach  in  char- 
acter and  appearance  the  very  best  product  of  commer- 
cial sugar  below  the  grade  of  "granulated." 

A  modification  of  this  method  may  be  advan- 
tageously used,  based  on  the  practice  in  many 
sugar  refineries  and  In  all  laundries,  viz.:  Blue 
is  optically  complementary  to  yellow  and,  conse- 
quently where  blue  and  yellow  are  brought  together 
in  opposition,  the  neutral  or  white  optical  effect  follows . 
Consequently,  the  laundress  uses  bluing  with  yellow 
clothing  to  make  it  appear  white,  and  the  sugar  refiner 
uses  ultra  marine  upon  his  yellow  sugar  whereby  it  ap- 
pears white.  Ultra  marine  is  wholly  harmless  and  inex- 
pensive, and  can  be  secured  of  most  druggists.  If  the 
water,  therefore,  that  is  used  for  mixing  with  the 
clay  is  very  slightly  blued  by  the  introduction  of  a  little 
powdered  ultramarine  the  effect  is  an  apparently  white 
sugar  really  no  purer  or  whiter  than  the  yellow  article, 
but  which  meets  the  public  demand  and  sells  for  a  better 
price. 

YIELD  AND  RETURNS  FROM  SYRUP  AND  SUG- 
AR.— The  final  value  of  any  crop  must  rest  upon  its 
commercial  returns,  whether  the  same  is  actually  placed 
upon  the  market  or  is  used  for  home  consumption,  since 
in  the  latter  case,  expenditure  is  prevented  and  "a  penny 
saved  is  a  penny  earned . "  In  the  particular  case  of  .sugar 
cane,  however,  it  has  been,  as  already  expressed,  my  de- 
sire to  show  that  the  growing  of  cane  for  the  manufac- 
ture of  sugar  offered  a  remunerative  crop  thoroughly 
adapted  to  Florida  conditions,  and  therefore  a  most  valu- 
able substitute  in  regular  farm  practice  for  other  staple 
crops  which  have  been  unremunerative .    The  yields  and 
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value  of  the  returns  from  a  crop  of  cane,  therefore,  are  of 
particular  interest.  My  own  experience  and  the  various 
replies  received  from  the  letters  sent  to  many 
cane  growers  in  the  State  indicate  than  500  gallons  of 
syrup  per  acre  is  a  reasonable  product  which  may,  with 
intelligent  management,  be  counted  on  as  almost  certain, 
while  exceptional  crops  are  known  to  sometimes  return 
fully  twice  this  quantity  of  syrup.  Such  syrup  as  I  have 
described  and  have  shown  can  be  easily  made  with  cer- 
tainty, finds  constant  and  ready  demand  in  the  market  at 
a  net  return  of  25  cents  per  gallon,  or  a  gross  return  of 
|125  per  acre  of  cane.  I  believe  that  this  acre  of  cane  can 
be  grown,  and  its  product  can  be  manufactured  into  syr- 
up at  an  average  cost  of  $75  per  acre,  leaving  a  net  profit 
on  a  very  moderate  basis  of  $50  per  acre  from  the  crop. 
The  same  syrup,  if  marketed  in  the  condition  I  suggest, 
will  easily  double  the  returns. 

If  sugar  is  the  product  in  which  the  crop  is  finally 
marketed,  an  estimate  made  on  the  same  basis  and  from 
the  same  data  leads  me  to  place  the  reasonable  yield  at 
3,000  pounds  of  sugar  per  acre  with  the  simple  domestic 
methods  described.  This  sugar  finds  ready  sale  at  4J  cent« 
per  pound  net,  or  a  gross  return  of  $136  per  acre.  In  addi- 
tion to  this  the  molasses  obtained  must  be  taken  into  con- 
sideration, although  its  quality  does  not  give  it  a 
fixed  commercial  status.  The  expense  of  producing 
sugar  is  nearly  one-tenth  greater  than  that  of  making 
syrup,  or  $82  per  acre,  leaving  a  net  profit  per  acre  of  cane 
manufactured  into  sugar  of  $42.  Although  it,  therefore, 
appears  that  the  crop  is  more  profitable  when  converted 
into  syrup  than  when  manufactured  into  sugar,  still  the 
combination  of  the  two  is  commendable,  at  least  to  the 
extent  of  supplying  home  demand.  It  will,  therefore,  be 
seen  that  the  sugar  cane  crop  on  a  purely  commercial 
basis  can  be  made  one  of  the  most  profitable  resources  of 
the  Florida  farmer,  aside  from  the  mere  advantage  of  do- 
mestic independence . 
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In  conclusion  I  desire  to  express  sincere  thanks  to 

the  many  citizens  of  the  State  who  have  kindly  assisted 

me  in  procuring  the  data  used   in   this  Bulletin,   and 

particularly  to  Professor  Persons  and  Mr.  Davies  of  the 

Chemical  Department  for  the  courtesies  and  assistance 
rendered. 

H.  E.  STOCKBRIOaE. 
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Summary. 


I.    THE  BEAN  LEAF-ROLLER. 

(a)  The  bean  leaf-roller  is  quite  destructive  to  beans 
throughout  the  State.  The  larvae  feed  upon  the  leaves, 
eating  holes  in  them  or  eating  along  the  edges. 
Leaflets  are  folded  over,  to  form  a  retreat,  (see  figure  5. 
plate  I). 

(b)  The  larva  is  about  one  and  one-fifth  inches  in  length, 
fusiform  in  shape,  the  body  being  thickest  in  the  middle, 
with  small  neck  and  large  head.  The  general  color  is  yel- 
lowish, with  a  dorsal  black  strip,  and  two  lateral  orange 
stripes  extending  down  the  body  (see  figure  2,  plate  1). 

(e)  The  insect  can  be  successfully  treated.  Use  P^ris  green, 
in  the  proportion  of  one  pound  to  150  gallons  of  water; 
add  to  this  one  pound  of  quick  lime,  first  made  into  a 
thin  paste,  to  destroy  the  burning  effects  of  Paris  green 
on  the  foliage.  Apply  with  spray  pump,  keeping  mixture 
well  stirred. 

IL    THE  CORN  DELPHAX. 

(a)  The  com  delphax  has  been  observed  in  several  localities 
in  the  South,  as  very  destructive  to  com.    It  is  a  sucking 
insect,  feeding  on  the  sap,  which  it  sucks  from  the  leaves 
and  stalk,  thereby  causing  them  to  yellow,  and  frequently 
die.    The  insect  is  injurious  in  all  its  stages. 

(b)  In  earlier  stages  the  insects  are  quite  small,  yellowish  in 
color,  congregating  in  large  numbers  in  protected  places, 
as  between  a  leaf-sheath  and  the  stalk.  The  adults  are 
about  one-tenth  of  an  inch  in  length,  brownish  yellow  in 
color,  more  or  less  clouded  with  dusky.  There  are  two 
forms  of  adults,  a  long,  and  short  winged  form.  Adults 
and  more  mature  nymphs  occur  out  on  the  leaves  and 
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stalk.  In  all  stages,  save  the  first,  they  jump  readily  or 
sidle  around  the  stalk  or  leaf  when  disturbed.  (See 
figures  4  and  5,  plate  II.) 
(c)  The  best  treatment  is  probably  to  be  found  in  the  destruc- 
tion of  infested  plants  by  burning.  Fields  infested  with 
this  insect  should  not  be  planted  to  com  or  other  crops 
belonging  to  the  Gramineae. 

III.    THE  CANNA  LEAF-ROLLER. 

(a)  This  insect  has  been  very  injurious  to  cannas  for  the  past 
three  years  at  Lake  City.  The  larvae  are  leaf  rollers, 
living  within  the  roll,  eating  out  the  parenchyma  of  the 
leaf.  Infested  leaves  soon  die,  becoming  brown  and 
ragged  in  appearance,  thus  destroying  their  value  as 
ornamentals.     (See  figure  7,  plate  III.) 

(b)  A  full  grown  larva  is  about  an  inch  in  length,  small 
bodied,  cylindrical,  Of  yellowish  white  color.  (See  figure 
2,  plate  III.) 

(c)  The  destruction  of  the  larvae  is  probably  best  accom- 
plished by  cutting  off  the  dried  up  canna  leaves  during 
the  winter  and  burning  them.  Also  in  cutting  off  and 
burning  infested  leaves  when  first  noticed  in  the  spring. 
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The  Bean  Leaf-Roller. 

{Eudamus  proteus,  Liim.) 


The  "roller-worm"  has  been  recognized  as  a  garden  pest  in 
Florida  for  many  years.  In  the  Annual  Report  of  the  United 
States  Department  of  Agriculture  for  1880,  Prof.  Comstock  men- 
tions having  observed  this  insect  infesting  various  garden  crops 
in  different  parts  of  Volusia  county;  beans,  turnips  and  cabbage 
being  seemingly  preferred.  Last  year  seems  to  have  been  a 
"roHer-worm"  year,  judging  from  the  numerous  complaints  that 
have  come  in  from  correspondents  in  various  parts  of  the  State 
against  it.  In  most  cases  it  has  been  reported  as  destructive  to 
beans,  but  in  two  or  three  instances,  it  has  been  reported  as 
injurious  to  a  number  of  different  garden  crops. 

In  the  vicinity  of  Lake  City  the  writer  has  not  observed  them 
on  other  crops  than  beans,  but  on  this  plant  it  has  frequently  been 
sufficiently  abundant  as  to  almost  destroy  promising  bean  fields. 
Larvae  have  also  been  frequently  observed  on  the  "beggar-weed" 
(Desmodium  tortuosum,  D.  C.)  and  other  species  of  this  genus.  It 
seems  possible  that  these  Desmodiums  are  the  natural  food 
plants  of  this  insect.  The  first  brood  comes  out  early  in  spring 
and  a  succession  of  generations  continue  until  stopped  by  cool 
weather.  In  the  southern  part  of  the  State,  breeding  may  be 
continuous  throughout  the  year.  The  writer  observed  them  in 
considerable  abundance  in  the  bean  fields  along  the  East  Coast 
during  the  last  of  December  and  January. 

LIFE  HISTORY  AND  HABITS. 

This  insect  has  been  studied  repeatedly  through  its  various 

stages.    During  the  summer  the  life  cycle  is  quite  short,  requir- 
ing in  some  cases  only  twenty-four  days  from  the  depositing  of 

eggs,  until  the  emergence  of  the  adult  from  the  pupa.    On  June 

3rd,  adults  were  observed  depositing  eggs  on  the  lower  surface  of 
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bean  leaves.  Several  of  these  eggs  were  collected  and  brought  to 
the  insectary.  These  hatched  in  four  days.  The  larvae  grew 
rapidly,  going  through  five  moults,  and  fourteen  days  from  the 
time  of  hatching,  five  entered  the  pupal  state.  Six  days  later, 
three  adults  emerged,  one  male  and  two  females.  The  life  cycle 
was  found  to  extend  over  a  period  of  thirty-seven  days,  duritig 
October  and  November,  and  specimens  are  now  (Dec.  8th)  in  the 
pupal  stage,  that  were  collected  as  eggs*  thirty-two  days  earlier, 
and  it  is  not  improbable  that  these  will  continue  as  pupae  until 
the  warmer  weather  of  spring,  when  the  adults  will  appear. 

Eggs  deposited  on  bean  plants,  are  usually,  if  not  invariably, 
placed  on  the  under  surface  of  the  leaflets,  in  groups  of  from  one 
to  six.  Frequently  they  are  placed  in  columns,  three  or  four  eggs 
high,  usually  two  columns  placed  together,  and  evidently  deposit- 
ed by  one  female.  The  basal  egg  is  quite  firmly  glued  to  the 
surface  of  the  leaf,  and  the  superimposed  egg,  to  the  one  next 
below  it.  Curiously  enough,  so  far  as  I  have  observed,  the  distal 
egg  is  the  first  to  hatch. 

Upon  hatching,  the  larvae  soon  begin  to  feed,  eating  (Jut 
small  patches  of  parenchyma  from  the  leaf.  During  the  course  of 
the  next  twenty-four  hours,  a  larva  usually  prepares  a  retreat,  by 
folding  over  a  flap  of  the  leaf.  The  flap  is  triangular  in  shape 
and  is  formed  by  the  larva  cutting  along  two  converging  lines 
from  the  margin  of  the  leaf  and  inward  a  distance  of  five  or  six 
millimetres  (.23  in.)  where  the  flap  is  left  attached  by  a  small  con- 
nection. This  is  then  folded  quite  over  against  the  surface  of  the 
leaf  and  the  larva  spends  much  of  its  time  'within  this  retreat, 
going  out,  however,  to  feed.  When  ready  to  moult,  the  flap  is 
fastened  tightly  down  on  all  sides,  and  the  moulting  occurs 
within  this  retreat.  These  triangular  flaps  are  used  until  the 
larva  has  passed  into  the  third  or  fourth  stage,  when  a  retreat  is 
formed  by  folding  over  a  leaflet  parallel  to  its  mid-rib.  The 
larvae  do  not  usually  feed  within  these  rolls,  but  crawl  out  some- 
times six  or  seven  inches  from  the  retreat  and  feed  upon  the 
surrounding  foliage.  Instances  are  sometimes  observed,  how- 
ever, where  the  retreat  has  been  partially  eaten.  (See  figure  5, 
plate  I.)    The  young  larvae  prefer  the  upper  surface  of  leaves. 
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and  these  flaps  are  almost  invariably  folded  upon  the  upper 
surface. 

Larvae  bred  in  the  insectary  invariably  pupated  within  a 
folded  leaflet,  or  several  leaflets  fastened  together.  Notwith- 
standing diligent  search,  I  have  never  been  able  to  find  a  pupa 
in  the  field,  in  a  folded  bean  leaflet  or  elsewhere,  and  have  been 
led  to  suspect  that  the  pupa  state  may  possibly  be  passed  in  the 
soil. 

Considering  the  life  cycle  as  averaging  about  thirty  days, 
eight  or  nine  broods  could  occur  during  the  year,  since  they 
appear  early  in  March  and  continue  breeding  usually  through 
December,  in  this  latitude.  However,  the  broods  are  not  distinct; 
eggs,  young  and  old  larvae  and  adults  are  found  in  considerable 
abundance  by  early  summer,  as  before  mentioned.  In  the  more 
southern  parts  of  the  State,  where  food  is  abundant,  breeding 
may  be  continuous  throughout  the  year.  Both  larvae  and  adults 
are  diurnal  in  their  habits,  moving  about  freely  at  all  times  of 
the  day. 

DESCRIPTION. 

Egg — Sub-spherical  in  shape,  flattened  below,  and  slightly 
so  above;  marked  with  raised  lines  or  ridges,  running  vertically 
up  the  egg,  which  converge  at  the  polls.  On  the  upper  one- 
fourth,  numerous  cross  ridges  occur  (figure  i,  plate  I);  diameter 
.966  mm.  (.037  in.) ;  length  .825  mm.  (.032  in.). 

When  first  deposited,  the  eggs  are  clear  glistening  white  in 
color,  which  m  the  course  of  a  few  hours  becomes  clear 
yellowish.  The  dark  head  of  the  embryo  may  be  readily  located 
in  the  more  advanced  stages  of  embryonic  development. 

Larva,  First  Stage — Length,  2.1  mm.  (.081  in.);  width  of 
head,  .566  m  m.;  width  of  body  across  third  thoracic  segment, 
.4  m  m.  (.015  in.).  Shape  of  head  almost  circular  in  outlilie,  as 
seen  from  in  front.  Body  sub-cylindrical  in  shape,  tapering 
slightly  caudad  from  about  tenth  segment.  Cdlor  of  head 
brownish-black;  V  shaped  suture  extending  about  half  way  up  in 
front;  strong  median  suture  extending  to  top  of  head  from  jthe 
apex  of  V.    Antennae  three  jointed,  distal  joint  very  small,  short 
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and  cylindrical;  basal  joint  bears  a  seta  extending  one-third  its 
length  beyond  distal  joint.  Second  joint  bears  two  or  three  short, 
fleshy  processes,  and  a  long,  slightly  curved  seta.  Dis- 
tal joint  bears  two  or  three  short,  fleshy,  unequal 
protuberances.  Color  of  body,  uniform  yellowish 
above,  lighter  below.  Prothroacic  shield,  brownish-black. 
Legs,  yellowish;  claws  brown:  pro-legs  normal,  each  with  com- 
plete circle  of  brownish  colored  hooks,  except  in*  the  case  of  the 
anal  prolegs,  where  the  hooks  are  absent  in  the  posterior  one- 
fourth  of  circle.  Tubercles  are  well  developed,  I-V,  each  bearing 
a  well  developed  and  somewhat  blunt  ended  seta.  VI  and  VII 
are  less  developed  with  their  respective  seta  pointed. 

Second  Stage — Length,  3.16  m  m.  (.123  in.);  width  of  head, 
.866  m  m. ;  width  across  third  thoracic  segment  .7  m  m.  (.027 
in.).  Head  circular  in  outline  as  seen  from  in  front.  Body  sub- 
cylindrical,  tapering  slightly  cauded  as  in  i  st  stage.  Color  yellow- 
ish green,  lighter  below.  Numerous  blackish  dots  and  splotches 
sprinkled  over  dorsal  surface.  Prothoracic  shield  jet  black;  the 
yellow  lateral  lines  so  conspicuous  in  the  adult  larva,  are  faintly 
intimated  in  this  stage.  Ventral  portion  of  first  thoracic  segment 
reddish.    Legs  and  prolegs  as  in  first  stage. 

The  tubercles  of  the  first  stage  seem  to  have  disappeared 
with  the  first  moult.  The  body  dorsally,  is  thickly  covered  with 
short  hairs,  with  truncate,  serrated  or  angled  ends.  Ventrally, 
the  hairs  are  pointed.  Numerous  hairs  are  also  distributed  over 
the  head. 

Third  Stage — Length,  1  c  m.  (.39  in.);  width  of  head  2 
m  m.;  width  of  third  thoracic  segment  1.5  m  m.  (.058  in.).  Head 
cordate  in  shape,  distinctly  lobed  above.  Body  sub-cylindrical, 
tapering  slightly  as  in  preceding  stages,  (leneral  color,  greenish 
yellow;  dorsally,  thickly  pci)pered  with  black;  lighter  below,  with 
the  black  wanting.  The  yellow  lateral  lines  much  more  distinct 
than  in  stage  II,  being  now  plainly  marked.  Posteriorly,  these 
merge  into  broader  orange  streaks,  which  extend  from  about  the 
tenth  segment,  caudad.  A  narrow  black  line  extends  down  the 
middle  of  the  dorsum  from  prothoracic  shield  to  tenth  segment. 
A   f^«nt   whitish   sub-spiracular  line   extends   from   prothoracic 
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BliddHiM*   priiteve. — I,   egg:    2,    liirva;    '■':    pupa; 
-.iflet  showinjr  \\-or]i  of  larva.    Figure  I  ffreatlj-  ei 
iitrogrn])!);    Figiires  '2.  .'t  ami  -1.  eiiliirju'ii  ilmiil   t 
.11  from  photographs. 


•  •  •* 


m      • 


59 

shield  to  caudal  end.  Prothoracic  shield  black;  ventral  portion 
of  first  segment  reddish.  The  first  two  pair  of  thoracic  legs 
blackish,  third  pair  clouded  with  dusky.  Each  abdominal  proleg 
is  marked  on  the  outside  with  faint  oo^nge  spots.  Tubercles  and 
setae  of  first  stage  absent.  Body  and  head  covered  with  short 
hairs  as  in  stage  second. 

Fourth  Stage — Length  1.5  c  m.  (.585  in.j;  width  of  head, 
3mm.;  width  across  third  segment,  2.25  m  m.  (.087  in.)  Color 
and  shape  about  as  in  third  stage,  except  the  markings  are  more 
pronounced.  On  the  head,  near  the  base  of  each  mandible,  is  a 
circular  orange  spot;  the  apical  portion  of  the  head  is  rufous; 
thoracic  legs  shining  black.  Ventral  portion  of  first  segment 
deep  red. 

Fifth  and  Last  Larval  Stage — Length,  about  3  cm. 
(1.17  in.);  width  of  head  4.5  m  m.;* width  across  third  segment, 
5  mm.  (.195  in.).  Shape  of  body  somewhat  fusiform,  thickest 
about  the  middle,  amd  tapering  slightly  to  each  end.  Head  as  in 
preceding  stages — somewhat  cordate  in  shape,  quite  large. 
Color  yellowish,  sprinkled  with  black  as  in  preceding  stages; 
lighter  below,  without  black  markings.  The  lateral  yellow  lines 
of  the  preceding  stages,  more  orange  colored.  Narrow  dorsal 
line  present.  Two  broken  rings  of  orange  on  prolegs.  Head 
with  the  usual  orange  spots  near  the  base  of  mandibles ;  the  apical 
third  of  head  rufous,  the  rest  black.  Prothoracic  shield  black, 
ventral  portion  of  this  segment  dark  red.  Thoracic  legs  black; 
head  as  in  preceding  stages;  greatly  constricted  behind  forming 
a  narrow-  ''neck."  Body  and  head  covered  with  numerous  short, 
light  colored  hairs.    (Figure  2,  plate  L) 

Pupa — Length  about  2.25  c  m.  (.877  in.);  width  about  6 
m  m.  (.234  in.).  At  first,  greenish  yellow  in  color  particularly 
the  wings  and  thoi^ax;  at  length,  shining  brown  in  color;  eyes 
brownish  black.  In  the  course  of  two  or  three  days  the  pupa 
becomes  covered  with  a  white  flocculent  excretion.  The  cremas- 
ter  consists  of  numerous  brown  hairs  with  curved  tips,  forming 
hooks.    (See  figure  3,  plate  L) 

Adult — The  adult  insect,  or  skipper,  may  be  recognized  by 
reference  to  figure  4,  plate  L    The  wings  expand  about  5  cm. 
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(1.95  in.).  On  the  base  of  primaries,  basal  half  of  secondaries,  and 
on  the  dorsum  of  the  abdomen,  are  metallic  green  hairs.  The 
primaries  are  marked  with  five  to  seven  square  rectangular,  or 
oblong  white  spots,  confined  to  the  distal  half.  The  secondaries 
extend  caudad  into  long  tail-like  processes,  making  a  total  length 
from  head  to  tip  of  secondaries  of  about  one  and  one-half  inches. 
Under  side  brownish  purple;  primaries  about  the  same  in  color  as 
on  upper  surface.  Secondaries  marked  with  two  oblique  markings 
of  deep  purple  black,  the  inner  strip  much  interrupted.  Under 
surface  of  tails  deep  brownish  black;  tails  tipped  with  rufous. 
Antenna  terminates  in  a  recurved  hook. 

TREATMENT. 

The  bean  leaf -roller  can  be  successfully  controlled  with  Paris 
green.  Experiments  made  indicate  that  if  the  poison  is  used  at 
the  rate  of  one  pound  to  one  hundred  and  fifty  gallons  of  water, 
this  will  be  sufficiently  strong  to  destroy  the  larvae.  But  under 
certain  conditions  the  foliage  of  the  bean  plant  is  scalded  by 
using  a  spray  of  even  this  low  strength  of  Paris  gre^.  In  one 
case,  where  the  insecticide  was  applied  of  the  above  strength,  a 
rain  occurred  about  thirty-six  hours  later,  which  resulted  in  the 
killing  of  the  plants,  d'ue,  doubtless,  to  the  increased  amount  of 
arsenous  acid  put  in  solution  by  the  rain.  To  obviate  such  results, 
quick-lime  should  be  used  in  the  mixture,  as  the  lime  will  nutra- 
lize  the  arsenous  acid,  and  so  far  as  past  experiences  show,  do  no 
harm  to  the  plants.  It  is  usually  quite  sufficient  to  use  equal 
amounts  by  weight  of  lime  and  Paris  green.  Before  adding  the 
lime  to  the  Paris  green  and  water,  it  should  be  mixed  with  water 
until  it  has  about  the  consistency  of  paint,  care  being  taken  that 
all  particles  are  dissolved  completely,  and  trash  removed,  so  that 
the  nozzle  of  the  pump  will  not  become  clogged  up  in  spraying. 
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The  Corn  Delphax. 

{Delphax  maidia,  Ashmead.) 


During  the  latter  part  of  August  of  the  past  year,  a  plot 
of  corn  on  the  Experiment  Station  was  found  to  be  badly  infested 
with  this  insect.  These  insects  suck  the  sap  from  the  plants  with 
their  strong  beaks,  thereby  greatly  retarding  development,  caus- 
ing them  to  yellow  and  frequently  to.die.  A  not  infrequent  result  of 
the  puncturing  of  tlie  plant  by  the  insect,  is  the  exudation  of 
drops  of  a  clear,  slightly  sticky  fluid  from  the  wounds;  ants  at- 
tracted by  this  saccharine  fluid  are  usually  to  be  observed  in  con- 
siderable numbers,  and  their  presence  in  undue  abundance 
should  be  cause  for  examination. 

This  is  not  the  first  iAstance  in  which  this  insect  has  been  ob- 
served to  be  a  com  pest.  In  June,  1888  Mr.  W.  H.  Ashmead 
observed  them  as  very  severe  on  corn  at  Jacksonville,  Fla..  and 
during  the  past  summer  it  has  been  recorded  by  Prof.  H.  A. 
Morgan,  of  the  Louisiana  Experiment  Station,  as  very  destruc- 
tive to  Mexican  June  Com  growing  upon  the  sugar  Experiment 
Station  at  Audubon  Park. 

Mr.  Ashmead  has  contributed  much  to  a  knowledge  of  the 
life  history  and  habits  of  this  insect  in  an  article  in  the  March- 
April  number  of  Psyche,  1890,  page  321.  An  interesting  state- 
ment in  this  article  by  Mr.  Ashmead  is  to  the  effect  that  many 
years  ago  (1841)  Prof.  Westwood  published  an  illustrated  de- 
scription of  an  insect  very  closely  allied  to  the  com  Delphax 
which  was  seriously  destmctive  to  sugar  cane  in  the  West  Indies. 
We  must  consequently  be  rather  suspicious  of  this  com  pest  as  it 
is  liable  to  widen  its  range  of  food  plants,  and  attack  the  sugar 
cane.  Feeding  as  it  does  on  the  saccharine  juices  of  the  corn,  it 
would  possibly  find  the  sugar  cane  even  more  palatable — and  we 
should  take  care  that  we  do  not  import  Westwood's  insect  from 
the  West  Indies. 
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The  abundance  of  the  insects  during  late  summer  and  fall  of 
the  past  season  offered  splendid  opportunity  for  the  study  of  this 
pest  both  in  the  field  and  laboratory.  The  results  of  this  study 
are  herewith  given. 

HABITS  AND  LIFE  HISTORY. 

Eggs  are  deposited  mainly  along  the  mid-ribs  of  leaves  down 
in  the  loose  cellular  tissue  just  beneath  the  epidermis.  The  mid- 
rib of  the  lower  leaves  is  usually  quite  packed  with  these  eggs, 
more  numerous  near  the  base,  but  frequently  extending  almost 
out  to  the  tip.  These  numerous  punctures  in  the  leaf  are  a 
serious  detriment  to  the  plant,  and  doubtless  help  to  hasten  its 
death.  The  number  of  eggs  deposited  together  in  the  same  slit, 
and  evidently  by  the  same  female,  varies  from  two  to  four.  Prob- 
ably in  the  majority  of  cases  but  two  eggs  are  deposited  together, 
but  there  are  very  frequently  to  be  found  three,  and  occasionally 
four.  (See  figure  i,  plate  II;  illustrating  three  eggs  as  taken 
from  a  slit  in  a  com  leaf.  From  a  photomicrograph;  much  en- 
larged.) The  young,  when  ready  to  leave  the  egg  effect  a  rup- 
ture at  the  top  and  gradually  work  their  way  out.  This  escape 
requires  from  twenty  minutes  to  a  half-hour.  Upon  escaping 
from  the  egg,  the  nymph  moves  around  slowly  for  an  hour  or  so, 
in  the  vicinity  of  its  birth.  Usually  by  the  end  of  the  first  twenty- 
four  hours,  the  nymph  has  taken  sufficient  food  that  it  may  be 
detected  bv  its  color,  in  the  alimentary  canal.  Considerable 
agility  is  soon  acquired  and  by  the  time  the  third  stage  is 
reached,  they  are  able  to  jump  some  distance.  While  in  the 
earlier  stages,  they  prefer  the  leaf-sheaths  or  a  protected  part  of 
the  leaf,  as  where  one  leaf  overlaps  another.  In  such  places  they 
may  frequently  be  found  hidden  away  in  great  numbers,  when  the 
plant  is  apparently  free  from  them.  In  the  latter  stages,  as  from 
the  fourth  on,  they  occur  somewhat  promiscuously  on  the  leaves 
and  stem  of  the  plant.  The  corn  Delphax  is  quite  active  in  its 
latter  stages,  jumping  with  agility  when  disturbed.  Adults 
usually  jump  in  preference  to  taking  flight,  when  molested.  On 
the  plant,  the  older  nymphs  and  adults  move  readily  side  wise, 
and  thtir  attempts  to  sidle  around  a  stem  or  leaf  out  of  sight,  is 
somewhat  grotesque. 
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Mr.  Ashmead  has  found  that  the  life  cycle  occupies  about 
one  month  during  July,  August  and  September.  My  own  obser- 
vations indicate  that  the  life  cycle  may  occupy  con- 
siderably more  time  than  this,  somewhat  later  in  the  season.  On 
November  loth  breeding  experiments  were  started  with  this 
insect  in  the  Station  propagating  house  where  the  temperature 
surrounding  was  kept  at  about  60  degrees  F.,  or  somewhat 
higher, 

A  considerable  number  of  adults  were  confined  on  young 
com  plants,  and  egg  depositing  began  in  a  few  hours.  By  the 
end  of  two  days  a  considerable  number  of  eggs  had  been  deposited 
along  the  mid-ribs  of  leaves;  the  adults  were  now  removed  from 
the  plants,  which  were  carefully  protected  from  infestation  from 
the  outside.  By  December  6th  several  young  had  hatched,  prob- 
ably from  eggs  first  deposited.  For  several  days  succeeding, 
young  continued  to  appear.  December  14th  several  moulted  for 
the  first  tim^;  by  the  19th,  several  had  moulted  for  the  second 
time,  and  on  the  28th  many  had  moulted  again,  and  hence  were 
in  the  fourth  stage.  This  stage  continued  until  January  7th, 
when  the  last  nymphal  stage  was  attained  by  moulting  for  the 
fourth  time.  On  January  i8th  the  adult  stage  was  reached,  by 
moulting  for  the  ■fifth  time. 

As  will  be  observed  from  the  above,  the  egg  state  continued 
for  seventeen  days;  the  first  nymphal  state  for  eight  days  the 
second  five,  the  third  nine,  the  fourth  ten  and  the  fifth  for  eleven 
days,  thus  making  the  life  cycle  sixty  days. 

This  difference  in  time  of  life  cycle  as  compared  with  the 
summer  broods  is  no  doubt  due  to  the  lower  temperature,  and 
well  illustrates  the  effect  of  change  of  temperature  on  the  devel- 
opment of  insects. 

There  is  an  interesting  variation  in  the  adult,  in  that  there  is 
a  short  winged  or  brachypterous  form,  as  has  been  pointed  out 
by  Mr.  Ashmead.  The  hind  pair  of  wings  in  this  form  seem  to 
be  wanting,  and  the  first  pair  are  very  much  reduced.  (See  figure 
6,  plate  II,  showing  above,  a  normal  fore-wing  from  the  right 
side;below,a  reduced  fore-wingfromthe  right  side  of  thebrachyp- 
terous  form.    From  a  photomicrograph,  much  enlarged.)    Asit.2 
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from  this  reduction  of  wings,  the  short  winged  form  seems  to  be 
essentially  the  same  as  the  normal  form.  Either  sex  may  be  bra- 
chypterous,  and  mating  was  frequently  observed  between  the  two 
forms.  In  the  case  of  insects  bred  out  in  the  forcing  house  dur- 
ing December  and  January,  the  proportion  of  short  winged  forms 
was  considerably  greater  than  that  of  the  long  winged  forms. 
For  instance,  under  one  jar  twenty  adults  were  bred  out,  and 
fourteen  of  these  were  of  the  brachypterous  form.  This  propor- 
tion seems  to  be  about  reversed  during  the  summer  months,  the 
long  winged  form  being  much  more  abundant.  Possibly  the 
somewhat  lower  temperature  under  which  the  specimens  in  the 
forcing  house  were  bred,  may  have  some  relation  to  the  question 
of  the  cause  of  this  dimorphism. 

DESCRIPTION  OF  THE  DIFFERENT  STAGES. 

Egg — Length  .75  m  m.  (.029  in.);  width  at  center  .18  m  m. 
(.007  in.);  shape  oblong,  curved,  tapering  slightly  to  apical  end. 
Color  clear  white,  in  fresh  eggs,  transparent;  in  advanced  stages 
embr>^o  plainly  visible;  eye  spots  quite  pronounced,  at  an  early 
stage  reddish. 

Apical  end  of  egg  is  deposited  about  even  with  surface  of 
leaf;  slit  cemented  over;  eggs,  when  in  leaf,  deposited  on  upper 
side.    (See  figure  i,  plate  11.) 

First  Nymphal  Stage — Length  .916  m  m.  (.035  in.);  width 
of  head  .2  mm.;  width  of  thorax  .283  m  ni.  (.011  in.);  color,  body 
whitish,  slightly  tinged  with  yellow,  legs  and  antennae  lighter; 
body  containing  numerous  reddish  granules.  Eyes,  reddish. 
Shape,  oblong,  depressed.  Antennae  three  jointed.  Basal  joint 
very  short,  broad,  somewhat  disk  shaped.  Second  about  four 
times  length  of  first,  pear  shaped;  third  somewhat  urn  shaped, 
with  very  narrow^  attachment  at  base.    This  joint  is  composed  of 


EXLPANATION  of  plate  II. 
Delphax    niaidis  —  i,  eggs;  figures  2,  3  and  4  nymphs,  first, 
second  and  fourth  stages;  5,  adult;  6,  long  and  short  wings  of 
adults.     All  from  photomicrog^phs  greatly  enlarged.     Figures 
5  and  6  less  enlarged  than  others. 
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two  distinct  parts,  th€  urn  shaped  basal  portion,  and  a  long  fili- 
form prolongation,  somewhat  longer  than  the  remainder  of  an- 
tennae. This  prolongation  of  the  third  joint  is  marked 
with  numerous  rings,  some  of  which  appear  to  divide 
it  into  regular  joints.  The  urn  shaped  base  is  about  two-thirds 
length  of  second  segment,  and  about  one-third  its  diameter.  At 
the  distal  end  of  basal  part  of  third  joint,  are  numerous  spines 
arranged  more  or  less  circularly,  and  curved  inwards.  Rostrum 
three-jointed;  basal  joint  short,  about  one-third  length  of  second. 
Second  and  third  sub-equal  in  length ;  third  tipped  with  brownish 
black.  Legs,  well  developed ;  coxae  quite  long ;  tarsi  stout,  coni- 
cal, two  jointed;  the  joints  of  first  and  second  tarsi  rather  indis- 
tinct, indicated  by  pronounced  circular  construction.  On  last 
tarsi,  the  joint  is  much  more  distinct;  the  proximal  segment  bears 
distally  a  circular  row  of  short,  broad-based  spines,  tipped  with 
dark-brown,  and  a  much  larger  stout  spine.  Tarsus  terminated 
by  two  claws  with  a  membraneous-like  expansion.  (See  figure  2, 
plate  II,  from  a  photomicrograph  greatly  enlarged.) 

Second  Stage — Length  1.33  m  m.  (.051  in.);  width  of  head 
.3  mm.;  wdth  of  thorax  .46  m  m.  (.017  in.)  Color  whitish,  abdo- 
men somewhat  yellow;  eyes  reddish,  as  in  stage  I.  Shape  as  in 
state  I.  Abdomen  proportionately  larger;  head  proportionately 
smaller  than  in  first  stage ;  the  dorsum  of  thorax  is  marked  by  six 
quadrilateral  plates.    (See  figure  3,  plate  II.) 

Third  Stage — Length  2  mm.  (.078  in.);  width  of  head  .366 
m  m. ;  width  of  thorax  .666  m  m.  (.025  in.).  Color  light  yellow ; 
dorsally,  a  general  clouding  with  dusky,  deeper  on  sides  of  abdo- 
men. Legs  and  antennae  lighter.  Eyes  deep  red,'  much  deeper 
centrally.  The  quadrilateral  plates  of  the  mesothorax  and  meta- 
thorax  prolonged  slightly  on  outer  comers  of  caudal  margin, 
thus  indicating  the  beginning  of  wing-pads.  Legs  as  in  previous 
stages,  except  that  in  the  hind  pair  the  large  spur  on  tibial 
joint  is  movable,  and  proportionately  larger.  The  spur  bears  on 
its  inner  margin,  three  or  four  short  stout  spines. 

Fourth  Stage — Length  2.86  m  m.  (.111  in.);  width  of  head 
.6  mm.;  width  of  thorax  i  m  m.  (.039  in.).  General  color,  yellow, 
clouded  dorsally,  deepest  on  sides  of  abdomen.     Eyes  reddish 
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black.  Shape  essentially  as  in  previous  stage.  Wing  pads  con- 
siderably elongated  reaching  middle  of  first  abdominal  segment. 
First  pair  of  wing  pads  not  quite  reaching  tip  of  second.  The 
suture  on  tarsi  of  first  and  second  pair  of  legs,  much  more  dis- 
tinct and  nearer  tibia  than  in  first  stage.  The  last  tarsus  is  three 
jointed;  proximal  joint  with  a  row  of  short  stolit  spines  on  its 
inner  margin.  On  distal  portion  of  second  tarsal  joint  are  one, 
two  or  three  stout  spines  like  those  on  proximal  joint.  (See  figure 
4,  plate  II.) 

Fifth  Stage — Length  3.23  m  m.  (.095  in.);  width  of  head 
.566  m  m. ;  width  of  thorax  1.166  m  m.  (.045  in.).  Color,  essen- 
tially as  in  previous  stage.  Second  pair  of  wing  pads  reaching 
third  abdominal  segment;  first  not  quite  reaching  tip  of  second. 

The  Adult — Female,  length  2  and  3-5  mm.  (.lin.);  wing  ex- 
panse 7  mm.  (.27  in.).  Greenish  to  brownish  yellow  in  color, 
with  cloudings  of  smoky  black  on  apex  of  first  and  apical  half  of 
second  antennal  joint,  clypeus,  frons,  and  coxae.  The, abdomen  is 
more  or  less  clouded  with  smoky,  and  with  lateral  stripes  of  yel- 
lowish. Caudal  margin  of  segments  also  yellowish.  Legs  pale, 
femora  brownish;  on  apical  end  of  posterior  tibia  several  black 
tipped  spines  and  a  large  movable  spur;  tarsi  three  jointed.  Beak 
evidently  but  two  jointed,  extending  beyond  the  middle  coxae. 
Front  wings  are  pale  greenish  brown,  sub-hyaline,  with  apical 
portion  more  or  less  clouded  with  fuliginous.  (See  figure  5, 
plate  II.) 

Short  Winged  Form — Differs  from  the  normal  form  in  the 
reduced  wings,  in  being  slightly  longer  (3  m  m.),  in  possessing  a 
somewhat  bi;oader  and  more  depressed  abdomen.  The  aborted 
front  wing  is  shown  in  figure  6,  plate  II. 

TREATMENT. 

This  insect  will  not  yield  readily  to  ordinary  insecticides. 
Being  sucking  insects,  arsenical  poisons  would  not  of  course,  be 
of  value  against  them.  Kerosene  emulsion  would  be  valuable 
no  doubt  destroying  those  reached,  but  as  will  be  remembered, 
the  nymphs  during  the  earlier  stages  live  down  in  the  leaf 
sheaths,  where  they  would  quite  escape  spraying.    The  numerous 
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eggs  also,  in  the  leaf  tissue,  would  probably  'not  be  effected  by 
spraying.  In  view  of  these  facts,  it  would  probably  be  best  to 
quite  destroy  infested  plants  by  burning  them.  In  a  field  of  corn, 
so  badly  infested  as  to  become  stunted  and  yellow,  it  would  no 
doubt  be  more  profitable  to  destroy  the  crop,  and  plant  the  land 
to  something  else  not  attacked  by  the  insects.  The  exact  natural 
food  of  the  insect  has  not  been  recorded.  Prof.  Morgan,  how- 
ever, mentions  having  swept  it  from  various  grasses.  Judging 
from  the  habits  of  its  near  relatives,  its  food  is  probably  limited 
to  the  grasses.  It  would  seem  safe  to  replant  an  infested  field  to 
almost  any  crop  not  belonging  to  the  (iramineae. 
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The  Canna  Leaf-Roller. 

(Hydrocampa  cannaUs,  Feroald,  MSS.) 


For  the  past  three  years  the  cannas  (Carma  Indica)  in  the 
neighborhood  of  Lake  City  have  been  badly  infested  with  a  leaf- 
rolling  larva  which  by  eating  out  the  parenchyma  from  the  inner 
(upper)  side  of  the  leaves  has  occasioned  very  serious  damage  to 
these  plants.  Leaves  infested  soon  become  so  badly  eaten  that 
they  die,  becoming  brown  and  ragged,  thus  changing  them  from 
beautiful  ornamentals  to  unsightly  objects.  The  insect 
doubtless  occurs  throughout  the  State.  Those  having  beds  or 
terraces  of  cannas  which  have  been  dying,  or  browning,  would  do 
well  to  look  for  this  insect  in  connection  with  the  trouble,  and 
follow  the  treatment  herein  advised  if  it  is  observed  to  be  present. 

Leaves  may  either  be  rolled  up  from  one  side,  by  the  larvae 
or,  as  is  more  frequently  the  case,  younger  leaves  are  fastened, 
before  they  have  unrolled  to  any  extent.  The  caterpillars  feed 
v^dthin  the  rolled  up  leaves  eating  out  the  soft  tissue  to  the  epider- 
mis of  the  lower  surface.  Rarely  is  the  epidermis  of  the  lower 
surface  of  the  leaf  eaten  into,  it  being  left  usually  quite  intact.  In 
the  case  of  younger  unrolled  leaves,  the  margin  of  the  outer  leaf 
is  firmly  fastened  to  the  roll  by  short  silken  threads.  On  the  in- 
terior leaves  of  the  roll  the  larvae  feed,  usually  quite  consuming 
the  parenchymatous  tissue  within.  In  other  cases,  fully  ex- 
panded leaves  are  rolled  up  parallel  to  the  mid-rib.  This  is  done 
much  after  the  usual  manner  of  leaf  rolling  larvae  by  spinning  a 
thread  from  the  margin  of  the  leaf  to  a  point  farther 
in  toward  the  mid-rib.  Several  of  these  cords 
are  spun  along  the  margin  of  the  leaf  and  by  their  subse- 
quent contraction,  the  margin  is  pulled  over,  and  finally  touches 


♦  I  am  under  obligations  to  Dr.  C.  H  Fernald  for  the  determination  of 
this  insect,  which  he  has  found  to  be  new  to  science;  f)r  Fernald  will 
doubtless  publish  a  description  of  the  insect  in  the  near  future. 
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the  leaf,  thus  forming  a  tube  within  which  the  larvae  feed.  When 
the  parenchyma  within  this  tube  is  eaten  out,  the  leaf  is  rolled 
again,  the  larva  coming  out  along  the  lateral  margin  of  the  tube, 
and  spinning  threads  from  the  tube  to  points  yet  nearer  the  mid- 
rib. In  this  way  a  large  canna  leaf  may  be  quite  rolled  up.  (See 
figure  7,  plate  II.)  Usually  but  one  or  two  larvae  occupy  a  single 
leaf.    However,  as  many  as  five  or  six  were  found  in  a  few  cases. 

LIFE  HISTORY  NOTES. 

In  order  that  the  insect  might  be  studied  during  its  entire 
life  cycle,  about  two  dozen  pupae  were  collected 
and  brought  to  the  laboratory,  and  placed  in  a  breeding  cage, 
October  16,  1896.  Moths  appeared  October  23th,  24th  and  25th. 
Eggs  were  found  on  the  24th  in  considerable  abundance  fastened 
to  the  glass  doors  and  elsewhere,  of  the  case.  The  eggs  were 
placed  in  patches  of  six  to  fifteen,  firmly  fastened,  and  with  but 
little  show  of  order  in  their  arrangement  some  overlapping,  some 
directly  above  others.  The  embryo  could  plainly  be  detected  by 
noon  of  the  27th.  The  development  from  this  date  seemed  quite 
rapid.  By  October  31st  nearly  all  of  the  eggs  had  hatched.  An 
hour  or  two  after  hatching  the  larv'ae  began  looking  around  for 
food.  Specimens  of  just  hatched  larvae  were  placed  on  fresh 
canna  leaves,  and  after  crawling  around  for  a  few  minutes  began 
to  eat  greedily  of  the  leaf.  By  the  end  of  the  next  twenty-four 
hours,  many  had  eaten  down  to  the  lower  epidermis,  and  had 
then  mined  out  an  inch,  or  an  inch  and  a  quarter,  between  the 
lower  and  upper  surfaces  of  the  leaf.  These  could  be  readily  ob- 
served with  a  hand  lense,  feeding  within.  The  mines  behind  the 
larvae  soon  became  quite  filled  with  brownish  colored  excrement. 
As  these  larv^ae  grew,  their  tunnels  became  too  small  for  them 
and  they  were  forced  to  leave  them,  eating  a  circular  hole  to  the 
upper  surface  of  the  leaf.  From  this  time  until  they  began  rolling 
the  leaves,  the  larvae  fed  more  or  less  gregariously,  eating  out 
patches  of  parenchyma  to  the  lower  epidermis.  In  some  cases, 
the  larvae  crawled  to  the  base  of  the  leaf,  and  fed  between  the 
growing  stem  and  the  petiole.  On  November  7th,  the  first  leaf- 
rolling  tendency  was  observed.    The  margins  of  the  leaf  were 
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pulled  over  somewhat  by  silken  cords  thus  forming  a  protection. 
From  this  date  leaves  were  rolled  more  or  less  completely,  and 
young  and  unfolded  leaves  were  fastened  so  that  they  did  not 
further  unroll. 

Before  pupating  the  larva  usually  fastens  some  portion  of 
the  leaf  tightly  around  itself,  and  spins  within  this  a  slight  lining 
of  silk.  The  first  pupa  was  observed  November  25th,  quite  firmly 
fastened  to  the  silken  lining  on  the  inside  of  its  case,  by  the  eight 
hooked  spines  on  the  caudal  end  of  the  abdomen.  In  the  course 
of  two  or  three  days,  many  more  larvae  had  pupated.  From  this 
it  is  observed  that  the  life  cycle  in  this  instance  is  approximately 
forty  days.  Adults  emerged  from  several  of  these  pupae,  during 
several  days  of  warm  weather  during  the  latter  port  of  December. 
Many  adults,  however,  did  not  appear  until  the  first  of  March, 
and  it  would  seem  that  the  winter  may  be  passed  in  the  pupal 
condition. 

A  study  of  the  insect  in  the  field  also  indicates  that  the 
winter  is  passed  in  the  pupa  state.  However,  a  few  larvae  were 
observed  snugly  fastened  up,  which  probably  passed  the  winter 
in  that  condition.  By  the  latter  part  of  February,  the  moths  were 
quite  numerous  among  dried  canna  leaves  on  the  terraces.  By 
the  tenth  of  March  they  were  much  more  abundant,  and  as  the 
cannas  were  now  sprouting  up  through  the  ground,  eggs  were 
doubtless  deposited  about  that  date.  On  March  19th,  the  young 
leaves  of  the  cannas  were  observed  to  be  badly  infested  with 
larvae,  many  leaves  having  been  already  rolled  and  fastened  to- 
gether. By  April  3rd  many  of  the  larvae  had  pupated  within  the 
rolled  up  leaves,  and  in  the  course  of  ten  or  twelve  days,  the 
adults  from  these  began  to  appear.  In  this  instance  the  life  cycle 
was  approximately  thirty-five  days.  The  difference  in  time  re- 
quired for  the  life  cycle  in  the  fall  and  spring  broods  is  probably 
due  to  more  favorable  weather  during  the  spring.  During  mid- 
summer, it  is  not  improbable  that  life  cycle  is  somewhat  less  than 
in  the  case  of  the  first  spring  brood,  possibly  as  short  as  twenty- 
eight  or  thirty  days.  Succeeding  the  first  brood,  these  do  not  oc- 
cur as  distinct  broods,  but  soon  become  quite  confused  so  that 
the  insect  in  all  stages  may  frequently  be  found  at  the  same  time. 
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During  the  present  season  ('97)  the  insect  has  not  been  quite 
so  abundant  as  last,  but  it  has  still  been  sufficiently  abundatit  to 
be  a  serious  pest.  The  adults  are  rather  shy,  and  if  disturbed  fly  a 
short  distance  and  usually  alight  on  the  under  side  of  the  leaf,  as 
much  in  the  shade  as  possible.  Not  infrequently  they  alight  on 
the  dead  leaves  with  which  they  agree  so  closely  in  color  that 
they  become  exceedingly  difficult  to  detect.  The  moths  are  prob- 
ably nocturnal,  as  in  no  case  were  they  observed  to  fly  voluntarily 
during  the  day. 

DESCRIPTION. 

Egg — Size,  .85X.925  m  m.  (.033X.036  in.).  Slightly  longer 
than  broad ;  even  outline,  very  flat.  Deposited  in  patches  of  from 
six  to  fifteen  (in  breeding  case)  many  overlapping  others;  firmly 
cemented  by  slightly  opaque  glistening  substance.  Color,  clear 
whitish  yellow,  the  embryo  plainly  visible  within,  at  the  proper 
stage.  The  surface  is  marked  with  numerous  slightly  raised  lines 
forming  small  irregular  polygons. 

Larva,  First  STAOE-r-Length  about  1.4  m  m.(.546  iti.); 
width  across  l^ase  of  head  .23  m  m.  (.008  in.);  length  of  head  .216 
m  m.  (. —  in.);  width  across  third  abdominal  segment  .166  m  m. 
(.064  in.):  shape  of  body,  almost  cylindrical,  tapering  gradually 
caudad  from  head.  Head  cordate,  large  in  proportion  to  rest  of 
body.  Color,  yellowish,  somewhat  transparent;  head  yellow; 
eyes  brown.  Mandibles  well  toothed,  brownish  black  at  tips.  An- 
tennae short,  stubby,  each  having  distally  three  or  four  finger 
like  processes,  and  a  long  terminal  seta.  Thoracic  legs  well  de- 
veloped, terminating  in  a  hook,  and  a  blade  like  structure  which 
acting  together    may    form  a    clasper.     Pro-legs    normal;  each 

with  a  single  row  of  rather  stout,  brownish  colored  hooks;  anal 
pro-legs  present. 

The  tubercles  are  arranged  as  illustrated  in  the  diagram, 
figure  5,  plate  III:  a,  the  third  thoracic  segment;  b,  the  third  ab- 
dominal segment.  Tubercle  i  of  the  third  thoracic  segment,  has 
the  normal  sub-dorsal  position,  and  bears  a  single,  well  developed 
blunt  ended  seta.  Tubercle  II  is  less  developed  than  tubercle  I, 
and  its  seta  is  shorter.     It  is  situated  slightly  ventrad  of  a  line 
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drawn  directly  caudad  of  number  I.  Tubercle  III  is  similar  to 
number  I  in  development;  its  seta  is  also  of  about  the  same 
length.  It  is  situated  a  short  distance  dorso-cephalad  of  the 
spiracle.  Tubercle  IV  is  ventrad,  and  slightly  caudad  of  the  spira- 
cle; it  bears  a  well  developed  and  blunt  ended  seta.  Tubercle 
V  is  much  reduced,  and  somewhat  closely  aj>proximated  to  tuber- 
cle IV.  Its  seta  is  reduced  and  sharp  pointed  on  the  end.  It  is 
slightly  cephalad  of  a  line  directly  ventrad  from  tubercle  IV.  Tu- 
bercle VI  seems  to  be  wanting  at  this  stage.  Tubercle  VII  is  re- 
presented by  two  quite  well  developed  tubercles  and  setae.  Tu- 
bercle VIII  is  near  to  the  inner  base  of  the  pro-leg.  It  bears  a 
short  pointed  seta. 

Larva,  Last  Stage — Length  about  23m'm.(.897  in.); 
width  of  head  at  base  i  m  m.(.039  in.);  width  across  third  ab- 
dominal segment  3  m  m.  (.117  in.).  Shape  of  body,  cylindrical, 
tapering  somewhat  cephalad  and  caudad.  Head,  cordate  in  shape. 
General  color  of  larva,  yellowish  white;  quite  transparent,  so 
much  so  that  in  a  live  specimen  the  pulsation  of  the  dorsal  tube 
may  be  easily  observed.  A  greenish  appearance  is  given  to  the 
caterpillar  from  the  green  food  within  the  alimentary  canal.  Head 
yellow;  clypeus,  yellowish  brown;  tips  of  mandibles,  brownish- 
black.  Antennae  as  in  stage  I,  except  slightly  elongated.  Ocelli, 
five  or  six  on  each  side.  Thoracic  legs  well  developed,  terminat- 
ing in  short  brownish  claws.  Abdominal  pro-legs  each  supplied 
with  a  circle  of  stout  brown  hooks.  Anal  pro-legs  with  but  the 
cephalic  half  of  circle  of  hooks  present. 

Supra-spiracular  tubercles  surrounded  by  yellow  corneous 
areas.  In  the  thoracic  region  these  areas  may  extend  below  the 
line  of  spiracles,  (see  figure).  These  areas  have  on  the  whole,  a 
circular  outline  with  slightly  raised  lines  converging  to  the  base 
of  the  tubercle.  In  the  thoracic  region,  however,  these  areas 
show  a  tendency  to  coalesce,  thus  forming  more  or  less  irregular 
corneous  areas.  Numerous  pigment  spots  occur  in  these  cor- 
neous areas.    Prothoracic  shield  well  developed. 

Tubercles  of  the  third  abdominal  segment  are  much  the 
same  as  in  stage  I,  except  that  tubercle  III  has  moved  slightly 
caudad,  and  is  now  almost  directly  dorsad  of  the  spiracle;  IV  and 
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V  are  approximately  the  same.  Tubercle  VI  is  present  at  this 
stage,  and  is  situated  directly  ventrad  of  tubercle  IV,  about 
equally  distant  from  both  IV  and  VII.  Tubercle  VII  is  compos- 
ed of  three  somewhat  reduced  tubercles  and  setae;  VIII  is 
present  in  approximately  the  same  position  as  in  stage  I,  (see  fig- 
ure 6,  plate  III,  A  and  B). 

Pupa — Length  11.5  m  m.*  (.448  in.);  width  across  the  thorax 
2.75  m  m.  (.107  in.);  color  of  thorax,  head  and  wings,  chocolate  j 

brown;  abdomen  somewhat  lighter.  By  the  use  of  a  lense  the 
caudal  end  of  the  pupa  is  seen  to  be  rounded,  bearing  eight  rather  / 

stout  dark  brown  hairs,  curved  on  the  end  into  hooks,  forming  an 
organ  for  holding  the  pupa  to  the  silken  threads  which  the  larva 
spins  within  the  leaf  case  (see  figures  3  and  4,  plate  III). 

Adult — Female,  wing  expanse  about  25  ni  m.  (.975  in.); 
length  of  body  11  m  m.  (.429  in.);  length  of  antennae  7  mm. 
Color,  (juite  uniform  light  brown,  varying  in  different  specimens 
to  lighter;  lines  of  brownish  black  extend  across  both  primaries 
and  secondaries  respectively  one-third  and  two-thirds  the  length 
of  the  wing  distant  from  its  base.  A  small  angular  patch  of  white 
is  found  near  the  distal  portion  of  the  discal  cell  of  the  primaries. 
(See  figure  i,  plate  III.  which  illustrates  the  moth  about  two- 
thirds  enlarged;  from  a  photograph.) 

TREATMENT. 

The  canna  leaf-roller  can  doubtless  be  best  controlled  by  carefully 

cleaning  off  and  burning  the  dead  plants  and  trash  from  the  beds  ' 

during  the  winter  season.     By  this  procedure,  most  of  the  pupae 

and  lan^ae.  which  pass  the  winter  in  these  leaves  and  trash  will  be 
destroyed.     The  rolled  up  leaves  should  be  watched  for  in  the  ; 

spring,  and  cut  off  and  burned.  Figure  7  illustrates  the  appear- 
ance of  a  leaf  rolled  up  by  these  larvae.  I 
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SUMMARY. 


/.  Thrips  tritici: 

(i)  Thrips  tritici  has  been  quite  destructive  to  strawberry  and 
other  crops,  in  Florida,  during  the  spring  season  of  the 
past  two  years.  The  damage  to  strawberries  consists  in 
chafing  th«  stigmas  and  ovaries,  thus  causing  the  blossom 
to  turn  brown  (blight)  and  eventually  dry  up.  The 
damage  will  be  greatest  during  times  of  drouth.  The 
foliage  of  the  English  pea,  LeConte  pear  and  Kelsey 
plum  have  suffered  severely  from  the  ravagesof  this  insect. 
Various  flowers  are  blighted,  particularly  certain  varieties 
of  roses,  which  are  frequently  rendered  quite  worthless. 

(2)  The  life  cycle  of  Thrips  tritici  is  quite  short,  requiring 
but  twelve  days.  Eggs  are  deposited  in  the  tissues  of 
infested  plants,  and  hatch  in  three  days.  The  larval  state 
lasts  for  about  five  days,  during  which  time  the  insect 
makes  two  molts,  the  second  when  entering  the  nymph 
stage.  The  nymph  stage  continues  for  about  four  days, 
during  which  time  they  take  no  food,  rarely  move  to  an\ 
extent,  but  remain  hidden  away. 

(3)  This  insect  may  be  successfully  controlled  by  the  use  of 
the  Rose  Leaf  Insecticide,  at  the  rate  of  one  pint  to  sik 
gallons  of  water.  Whale  oil  soap,  and  kerosene  emulsion 
mav  also  be  used  with  success. 

//.  Thrips  t abaci: 

( 1 )  This  insect  is  destructive  to  many  plants.  In  Florida  its 
ravap:es  have  been  confined  principally  to  onions,  cauli- 
flower end  cabbage.  The  leaves  are  chafed,  which  in  the 
case  of  the  onion,  causes  the  tops  to  whiten  and  dry  out. 
In  the  case  of  cabbage  and  cauliflower,  the  infested  leaves 
become  browned  and  scorched  in  appearance,  particularly 
noticeable  on  the  under  side;  leaves  thus  affected  are  of 
but  little  functional  value. 

(2)  The  life  cycle  of  Thrips  fabaci  is  somewhat  longer  than 
that  of  Thrips  tn'fwi.  requiring  about  sixteen  days  for 
completion.  The  egg  state  lasts  about  four  days;  the 
larval  stage  for  about  eight  days,  and  the  nymph  stage 
for  four  days.  The  insect  goes  through  three  molts 
during  its  life  cycle. 

(3)  This  species  of  thrips  can  be  successfully  controlled  by 
the  use  of  the  Rose  Leaf  Insecticide,  whale  oil  soap,  or 
kerosene  emulsion.  They  should  all  be  used  somewhat 
stronger  than  for  Thnps  tritici  however,  as  the  insect 
under  discussion  seems  better  able  to  stand  them. 


GENERAL  REMARKS. 


The  name  "Thrips''  is  applied  rather  indiscriminately  to  the 
insects  belonging  to  the  order  Thysanoptera  (Physopoda),  much 
as  we  speak  of  a  beetle  (Coleoptera),  or  a  fly  (Diptera).  The 
members  of  the  order  Thysanoptera  may  be  characterized  as 
follows:  There  are  two  pairs  of  wings,  each  pair  somewhat  simi- 
lar in  form,  long,  narrow  and  membranous,  having  but  few  or 
no  veins,  and  fringed  with  long  hairs.  When  at  rest,  the  wings 
are  placed  horizontally  along  the  back.  The  mouth  parts  are 
quite  different  from  those  of  any  other  order  of  insects,  being 
intermediate  between  those  of  biting  and  sucking  insects.  Tlie 
mandibles  are.  reduced  to  bristle-like  structures,  while  the 
maxillae  are  flat,  triangular,  and  bear  palpi.  Labial  palpi  also, 
are  present.  The  tarsi  of  thrips  are  composed  of  two  joints, 
without  claws,  each  being  terminated  by  a  bladder-like  structure. 

The  members  of  this  order  are  quite  small,  rarely  exceeding 
3mm.  in  length;  they  are  usually  quite  active,  some  flying  readily 
or  leaping  when  disturbed,  which,  with  their  minute  size  has  cal- 
culated somewhat  to  keep  the  general  public  in  ignorance  of  their 
existence.  All,  however,  are  probably  familiar  with  the  small, 
active  insects  frequently  to  be  found  in  roses  and  other  flow- 
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ers.     This  is  a  medium-sized  thrips  and  will  serve  to  illustrate 
the  group.  * 

According  to  Dr.  Heinrich  Uzel,  in  his  recent  "Monogra- 
phie  der  Ordnung  Thysanoptera"  the  order  embraces  135 
species,  which  are  distributed  in  thirty-five  genera.  Nearly  all  of 
these  are  European  species,  but  few  having  been  described  from 
the  United  States. 

Tlie  food  of  thrips  is  quite  varied;  some  are  carnivorous, 
but  many  feed  upon  vegetable  substances.  The  vegetable  feed- 
ers attack  various  portions  of  plants,  as  flowers,  bark  and  leaves, 
and  in  some  cases  they  become  of  economic  importance.  It  is 
an  interesting  question  as  to  how  these  insects  secure  food  as  theii 
mouth  parts  are  plainly  not  adapted  for  chewing,  and  but  little 
better  for  sucking.  Nevertheless  it  seems  probable  that  in  many 
cases  they  are  used  as  a  suction  apparatus,  as  in  Thrips  tritici. 
In  other  cases,  as  with  Thrips  tabaci,  particles  of  leaf  tissue 
are  torn  or  rasped  off,  and  swallowed.  The  writer  has  fre- 
quently seen  such  particles  cast  out  with  the  excrement. 

Probably  the  two  species  herein  considered  are  to  be 
regarded  as  of  the  most  economic  importance  of  the  Thysanop- 
tera, in  the  United  States;  although  there  are  several  species  that 
cause  more  or  less  damage  at  times,  yet  the  records  do  not  show 
them  to  be  so  severe  nor  as  common  as  Thrips  tritici  and  Thrips 
tabaci.  It  should  be  noted  that  the  so-called  Thrips  (Typhlocyba 
vitifex.  Fitch,  and  other  species)  of  the  grape  vine,  are  not  Thy- 
sanoptera at  all,  but  belong  to  the  Jassidae,  of  the  order  Hemip- 
tera.  The  misuse  of  the  word  thrips  in  this  connection  has  occas- 
ioned considerable  confusion. 


THRIPS  TRITICI,  OSBORN  (FITCH). 

This  insect  was  first  described  in  1856  by  Dr.  Asa  Fitch, 
State  Entomologist  of  N.  Y.  from  specimens  received  from  Wis- 
consin. The  common  name  of  wheat  thrips  was  given  to  it 
from     the     fact     that     it    was    at     that    time     very     injurious 
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to  wheat.  Dr.  Fitch  says,  **'Although  this  species,  like  manv 
others  in  this  order,  occurs  upon  the  flowers  of  the  different 
plants,  it  is  upon  wheat,  in  all  probability,  that  it  will  be  oftenest 
noticed,  and  to  which  it  will  prove  most  injurious.  It  may  there- 
fore appropriately  be  named  the  Wheat  thrips,   Thrips  triticiy 

From  1856  until  1880  this  insect  seems  not  to  have  attracted 
much  attention ;  beginning  with  1880,  however,  occasional  refer- 
ences  have  been  made  to  it,  as  a  study  of  the  bibliography  will 
show.  At  various  times  it  seems  to  have  become  unusually 
abundant  and  destructive  where  conditions  have  been  favorable 
for  its  development.  The  insect  enjoys  a  wide  distribution  over 
the  United  States  and  Canada,  infesting  the  blossoms  and  foliage 
of  various  plants. 

In  Florida  we  have  this  insect  with  us  throughout  almost  the 
entire  year.  In  the  latitude  of  Lake  City  there  are  short  periods 
of  cold  weather,  during  which  the  thrips  doubtless  hide  away  for 
protection.  Rut  in  Southern  Florida  they  may  be  found  more 
or  less  abundant  at  almost  any  time  of  the  year. 

I  have  not  been  able  to  find  anv  definite  records  of  their 
occurence  in  unusual  and  destructive  numbers  in  Florida,  pre- 
vious to  last  year,  except,  perhaps,  in  Ashmead's  Orange  Insects, 
1880,  and  latbbard's  Orange  Insects,  1885,  where  mention  of 
thrips  is  made  as  very  abundant  in  orange  blossoms,  and  means 
suggested  for  their  destruction.  But  from  these  reports,  nothing 
very  definite  is  gained  as  to  their  work,  extent  of  damage,  and 
time  of  occurence.  Certain  it  is,  however,  that  during  March, 
April  and  May,  of  the  past  two  years  ('97  and  '98),  thrips  have 
occurred  in  myriads  in  various  parts  of  Florida,  and  in  certain 
strawberry  growing  sections  they  have  caused  a  reduction  of  the 
usual  yield  of  strawberries  quite  one-third.  The  strawberry  crop 
in  Florida,  particularly  the  early  crop,  is  quite  valuable,  from  the 
remunerative  prices  it  brings  in  northern  markets,  hence  the 
loss  caused  by  these  insects  becomes  very  great. 

The  past  two  springs  have  been  unusually  dry,  which  condi- 
tion seems  to  have  been  vcrv  favorable  for  the  insects,  and  on 


*Xoxious  Insects  of  Xew  York,     i  and  11.  p.  307. 
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the  <,ther  hand,  has  been  unfavorable  for  plants,  rendering  them 

less  able  to  resist  the  effects  of  the  insects.  During  March,  April 
and  May  of  1897,  the  rainfall  for  each  respective  month  at  Lak? 
City  was  3.09  in.,  5  in.  and  .66  in.  The  departure  from  the 
normal  was  respectively.  2.50  in.,  1.87  in.  and  3.43  in.  There 
was  thus  a  total  rainfall  of  8.75  in.,  which  is  8.80  in.  less  than  the 
usual  amount  of  rain  for  that  period.  During  the  same  months 
of  1898,  the  drouth  at  Lake  City  was  somewhat  greater  than 
durinj^  '97,  while  in  many  parts  of  the  State  there  was  practically 
no  rain  at  all.  During  March,  April  and  May  of  '98  the  rainfall 
per  month  was  respectively,  1.60  in.,  1.94  in.  and  1.47  in.,  making 
the  total  at  5.01  in.,  a  departure  of  approximately  11  in.  from  the 
normal.  iUit  aside  from  the  amount  of  precipitation,  the  nature 
of  the  rainfall  has  an  important  influence  on  the  abundance  of 
thrips.  A  heavy  dashing  rain  destroys  great  numbers  of  both 
old  and  young,  whereas  a  gentle,  but  prolonged  rain  causes  hue 
little  destruction  to  them.  Frecjuent  examinations,  several 
hours  after  heavy  rains,  of  i)lants  that  had  been  previously  badly 
infested,  showed  that  but  comparatively  few  thrips  survived,  at 
least  in  the  blossoms.  lUu  from  the  fact  that  the  eggs  are  no. 
thus  destroyed,  and  from  the  fact  that  the  life  cycle  is  verv  short, 
the  thrips  may  soon  become  quite  abundant  again.  A  good 
dashing  rain  every  two  weeks,  would  doubtless  keep  them  so  in 
check,  that  their  injuries  would  not  be  noticeable. 

Thus  far  thrips  have  been  unusually  abundant  c^nly  in  the 
spring,  beginning  with  the  advent  of  warm  weather  and  blos- 
soms, and  disappearing  with  the  approach  of  the  rainy  season  in 
June,  or  somewhat  earlier. 

THRIPS  IX   1897. 

The  principal  injury  caused  by  thrips  in  1897  was  confined 
to  the  strawberry.  They  began  blighting  these,  in  some  localities, 
as  early  as  March  27th.  At  Lake  City  they  were  not  particularly 
destructive  until  about  April  loth,  when  in  several  fields  the 
bloom  was  observed  to  be  becoming  badly  blighted.  In  this 
locality,  those  fields  that  are  on  low  and  moist  soil  suffered  much 
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the  worst.  P^or  three  or  four  weeks,  some  such  fields  did  not 
yield  sufficient  fruit  to  make  it  profitable  to  gather  it,  the  clusters 
c:  bloom  browning  and  dying,  soon  after  the  petals  were  well 
expanded.    (See  Fig.  i.) 

Although  there  seemed  to  be  little  if  any  doubt  but  thai 
the  thrips  were  entirely  responsible  for  the  damage  to  the  straw- 
berry, yet  the  importance  of  proving  this  beyond  a  possible 
doubt,  before  beginning  experiments  looking  towards  stopping 
the  trouble,  made  it  desirable  at  the  outset,  that  experiments  be 
conducted  in  this  connection,  and  also  to  determine  the  exact 
manner  in  which  the  trouble  was  done,  and  of  what  it  consisted. 
Fence,  several  Xewnan  plants  were  brought  to  the  laboratory, 
rnd  rll  blooms  but  unopened  buds  were  removed.  A  number 
of  thei^^e  buds  were  then  inclosed  in  large  glass  tubes,  plugge-A 
loosely  on  either  end  with  cotton.  As  soon  as  these  buds  had 
opened,  some  were  supplied  with  thrips:  others  were  kept  unin- 
fested,  as  checks. 

The  thrips  at  once  attacked  the  stigmas  and  distaL portion  of 
the  styles,  chafing  and  apparently  puncturing  them.  In  the 
course  of  ten  or  twelve  hours  many  of  .the  stigmas  began  to 
blacken,  and  twenty-four  hours  from  this  time,  nearly  all  of  the 
stigmas  had  blackened,  and  the  styles  were  blackening  half  way 
down  to  the  ovaries,  and  wilting  perceptibly.  In  the  course  of 
another  dav,  the  stvles  had  blackened  to  the  ovaries  and  were 
plainly  drying  up.  The  ovaries  were  also  attacked  and  black- 
ened considerably  from  the  chafing  of  the  thrips.  By  another  day 
the  entire  young  fruit,  receptacle,  and  ovaries  were  black  and 
dead,  and  the  blackening  in  some  cases  had  extended  some  ways 
down  the  fruit  stalk. 

It  should  be  noted  that  other  parts  of  the  flower  were 
attacked  besides  the  pistil.  The  petals  were  sparingly  attacked, 
particularly  at  their  bases;  also  the  stamens,  principally  the  fila- 
ments. But  as  a  whole,  the  preference  was  decidedly  for  the 
stigmas  and  styles,  probably  on  account  of  the  sweetish  subr 
stance  secreted  by  the  stigmas,  to  aid  in  the  germination  of  the 
pollen. 

The  blossoms  in  tubes  not  inoculated  with  thrips,  did  not 
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show  this  blackening  and  drying  up.    In  several  instances  where 
the  stigmas  were  pollinated,  fruit  set  normally. 

The  results  seemed  conclusive,  yet  the  same  experiment  was 
made  again  in  the  laboratory,  and  also  in  the  field.  In  the  field, 
after  all  open  and  infested  flowers  had  been  removed  from  a 
plant,  it  was  covered  with  a  lantern  globe,  by  pressing  bottom 
end  into  the  soil,  and  fastening  a  strip  of  cheese  cloth  over  the 
top.     Ten  plants  were  thus  prepared.     After  several  buds  had 


opened  into  flowers,  five  plants  were  supplied  with  thrips,  and 
five  were  kept  as  checks.  This  experiment  confirmed  the  exper- 
iments made  in  the  laboratory,  and  left  no  doubt  that  the  thrips 
were  responsible  for  the  blackening  and  wilting  of  the  fruit. 

The  injurious  effects  of  these  insects  seems  to  be  to  a  con- 
siderable extent  in  preventing  the  fertilization  of  the  ovules. 
Since  the  sti;^mas  are  attacked,  and  dei^ay  soon  sets  in,  the 
normal  fertilization  of  the  ovules  is  greatly  retarded,  it  not 
entirely  prevented. 


8s 
EXPERIMENTS  WITH  INSECTICIDES  IN  1897. 

Not  much  progress  was  made  in  the  study  of  the  life  history 
of  the  insect  during  1897.  A  study  of  this  insect  is  beset  with 
unusual  difficulties,  from  its  small  size  and  exceeding  agility. 
Enough,  however,  was  learned  to  indicate  the  most  hopeful  line 
of  treatment.  Eleven  different  insecticides  were  tried,  the  results 
of  which  are  herewith  given,  as  taken  from  Bulletin  42,  of  this 
station. 

Sulphur  Spray. — Eight  rows  of  badly  infested  plants  were 
sprayed  with  sulphur  spray.  Three  rows  were  left  unsprayed  as 
checks.    Formula  of  sulphur  spray  used  is  as  follows: 

Flowers  of  Sulphur 3     pounds 

Caustic  Soda 2     pounds 

Water * 1-3  gallon 

To  this  was  added  two  gallons  of  water,  the  whole  making  a 
stock  solution.  The  stock  solution  was  used  at  the  rate  of  one 
and  one-half  pints  to  twelve  gallons  of  water,  and  applied  to  all 
parts  of  the  plant  with  a  barrel  pump  sprayer. 

Immediately  after  spraying  the  bloom  '  was  carefully  ex- 
amined. A  few  thrips  were  observed  to  have  been  killed.  Many 
seemed  distressed,  but  the  majority  were  not  so  severely  injured 
but  that  by  the  time  the  insecticide  had  dried  from  the  blooms, 
they  were  to  all  appearances  about  as  lively  as  ever.  The  sprayed 
rows  were  examined  again  the  next  morning  when  the  thrips 
were  found  as  abundant  as  in  the  untreated  check  rows. 

Flowers  of  Sulphur. — Four  rows  were  thoroughly  dusted 
with  flowers  of  sulphur  to  determine  its  value  as  a  repellant.  Two 
rows  were  left  as  checks.  No  difference  could  be  detected  in  the 
abundance  of  thrips  in  the  treated  and  untreated  rows. 

Pyrethrum  Powder. — Pure  pyrethrum  powder  was  dusted 
thoroughly  on  three  rows,  with  a  Leggett  powder  gun.  Two 
rows  were  left  as  checks.  The  pyrethrum  seemed  to  be  of  no 
appreciable  value  against  the  thrips.  They  were  observed  t) 
feed  readily  amongst  the  powder  adhering  to  the  bloom. 

Pyrethrum    in    Water. — Pyrethrum    powder    suspended    in 
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wat€r  was  tried  at  the  rate  of  one-fourth  pound  pyrethrum  to  six 
gallons  of  water.    This  proved  to  be  of  but  little  if  any  value. 

Pyrethrum  Decoction. — One-fourth  pound  of  pyrethrum 
powder  was  steeped  for  an  hour,  the  water  breaking  into  a  boil  a 
few  times.  This  was  diluted  with  eleven  gallons  of  water  and  ap- 
plied W'ith  a  knapsack  pump.  Two  rows  were  sprayed,  one  kept 
as  a  check.  Examination  immediately  after  spraying  showed 
that  a  small  proportion  had  been  killed,  and  others  were  more  or 
less  distressed.  Many  thrips  had  run  out  on  the  petals  and  se- 
pals, from  which  the  solution  soon  dried  and  the  thrips  seemed 
to  be  unharmed.  The  next  dav  no  difference  could  be  detected 
in  the  relative  abundance  of  thrips  in  the  treated  and  untreated 
rows.  Doubled  the  strength  of  pyrethrum.  Results,  some  im- 
provement on  above. 

Tobacco  Dust. — Tobacco  dust  was  thoroughly  sprinkled 
over  and  worked  among  the  leaves  of  one  row  of  plants.  One 
row  was  kept  as  check.  No  difference  in  the  number  of  insects 
in  the  two  ro>vs  could  be  detected,  when  examined  at  different 
intervals. 

'  Tobacco  Decoction. — One  pound  of  tobacco  stems  and 
leaves  were  boiled  for  one-half  hour  in  two  gallons  of  water.  This 
was  strained,  and  diluted  with  four  gallons  of  water  and  applied 
to  four  rows  with  knapsack  sprayer.  Two  rows  were  kept  as 
check.  Immediately  after  spraying,  examination  showed  this 
insecticide  was  particularly  disagreeable  to  the  thrips.  A  small 
proportion  were  killed  or  evidently  dying.  Most  of  the  adults 
had  left  the  flowers  entirely.  Examination  the  next  day  showed 
that  the  sprayed  plants  were  much  freer  from  thrips  than  checks. 

Rose  Leaf  Insecticide. — This  is  an  insecticide  manufactured 
by  the  Louisville  Spirit  Cured  Tobacco  Co.,  Louisville,  Ky.  It 
is  claimed  bv  the  manufacturers  that  it  is  an  extract  of  tobacco, 
of  a  uniform  strength  of  nicotine.  It  should  be  noted  that  in  a 
decoction  made  by  boiling  stems  and  leaves  in  water,  the  per 
cent,  of  nicotine  is  quite  variable  owing  to  the  variation  in  quan- 
tity of  this  compound  in  different  plants.  This  Rose  Leaf  was 
used  at  the  rate  of  one  pint  to  six  gallons  of  water,  and  sprayed 
thoroughly  on  five  rows  with  a  knapsack  sprayer.     Two  rows 
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were  reserved  as  checks.  Examination  immediately  after  spray- 
ing showed  that  the  insecticide  was  much  more  effective  than 
anything  v^et  tried. 

Quantities  of  thrips  were  dead  evidently  where  the  spray 
had  first  touched  them.  Others  were  dying  or  trying  to  work 
their  way  out  of  the  insecticide,  but  were  soon  overcome.  The 
per  cent,  of  thrips  destroyed  by  this  insecticide  would  probably 
be  near  sixty-five  or  seventy.  The  action  of  the  fluid  seemed  to 
be  that  of  a  strong  irritant,  and  was  sufficiently  sticky  to  prevent 
the  insect  from  escaping,  after  the  spray  had  struck  it. 

Kerosene  Emulsion. — This  insecticide  was  made  according 
to  the  following  form.ula: 

Soap  (hard)  i  pound 

Water i  gallon 

Kerosene    2  gallons 

Two  quarts  of  this  stock  solution  were  used  to  six  gallons 
of  water  and  applied  with  a  knapsack  sprayer  to  four  rows  of 
plants.  The  thrips  were  killed  in  considerable  numbers.  How- 
ever, many  that  were  thoroughly  wet  were  observed  to  crawl  out 
on  the  hir-her  parts  of  the  petals,  and  probably  eventually  re- 
covered. Probably  a  stronger  solution  of  the  emulsion  would  be 
quite  efficient,  but  the  danger  of  tainting  the  fruit  would  exclude 
its  use.  And  the  application  of  th-e  emulsion  of  the  strength 
above  indicated,  would  probably  slightly  taint  the  fruit. 

Carbolic  Acid  in  Water. — This  was  used  at  the  rate  of  one 
ounce  of  acid,  to  six  gallons  of  water.  The  acid  used  was  com- 
paratively pure,  being  derived  from  carbolic  acid  crystals.  This 
mixture  was  applied  with  a  knapsack  sprayer  to  four  rows  of 
plants,  two  being  kept  as  checks.  The  use  of  this  insecticide  re- 
sulted in  killing  a  small  proportion  of  thrips  and  drove  many 
from  the  blooms.  Examination  the  next  day  did  not  show  any 
marked  freedom  of  the  sprayed  plants  from  thrips,  as  compared 
with  checks. 

Whale  Oil  Soap. — This  was  used  in  the  proportion  of  one- 
half  pound  cf  soap  to  six  gallons  of  water.  Applied  thoroughly 
with  barrel  pump  sprayer.  Three  rows  were  sprayed,  one  was 
kept  as  check.     This  insecticide  seemed  to  be  of  some  value 


Some  insects  were  killed,  and  the  flowers  were  comparatively 

freed  from  thrips.     Examination  of  sprayed  rows  the  next  day 

did  not  reveal  much  reduction  of  thrips  as  compared  with  their 

abundance  in  the  checks. 

From  the  results  recorded  above  it  will  be  observed  that  the 

**Ro«e  Leaf  Insecticide"  gave  much  the  most  satisfactory  results. 

Its  superiority  seems  to  be  in  its  slight  stickiness  to  hold  sprayed 

insects  from  escaping,  and  in  the  rapidity  with  which  it  acts  upon 
the  insects. 

It  w'as  early  observed  that  the  thrips  passed  readily  from 

plant  to  plant,  many  leaving  the  flowers  upon  slight  disturbance; 
and  some  that  had  been  caught  in  the  spray  were  able  to  crawl 
out  from  the  blossoms  and  eventually  escape  to  other  parts  of  the 
field.  This  activity  of  the  insects  in  passing  to  different  plants 
explains  somewhat  their  abundance  in  sprayed  blooms,  fre- 
quently in  less  than  twenty-four  hours  after  having  been  sprayed, 

and  comparatively  freed  from  the  insects. 

To  get  the  best  results,  it  seems  necessary  that  an  entire 

patch  should  be  sprayed,  and  within  as  short  a  period  of  time  as 
practicable.  To  test  the  value  of  such  a  procedure,  the  entire 
patch,  save  one  row  as  check,  upon  which  the  foregoing  experi- 
ments were  conducted,  was  sprayed  thoroughly  w^ith  the  *'Rose 
Leaf  Insecticide."  The  results  obtained  from  this  spraying  indi-  * 
cated  that  much  could  be  done  to  keep  the  thrips  in  check  by 
its  use  when  applied  to  the  entire  patch.  The  thrips  were  reduced 
throughout  the  patch  at  least  one-half  in  numbers. 

TlIRirS  IX   1898. 

By  the  last  day  of  March,  thrips  were  very  abundant  in  most 
flowers  around  Lake  City,  and  by  April  20th,  they  had  become 
even  more  abundant,  and  had  attacked  the  foliage  of  various 
plants,  as  LeCcnte  pears,  Kels^y  plums,  English  peas,  parsley 
and  endive.  Tlieir  ravac^es  were  most  noticeable  on  the  foliage 
of  pear,  plum  and  English  pea.  The  tender  leaves  of  the  pear 
were  so  rasped,  usually  on  the  under  side  near  the  margin,  that 
the  epidermal  and  subjacent  tissue  was  destroyed;  from  this  it 
resulted  that  the  leaf  soon  became  much  curled  and  misshapen, 
eventually  browning  and  dying,  where  injured.     (See  Fig.  2.) 
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For  about  three  weeks  the  young  foliage  of  pear  and  Kelscy 
plum  was  thus  attacked,  greatly  retarding  their  growth.  The 
tender  leaflets  of  the  English  pea  were  so  severely  attacked  that 
in  several  fields  the  plants  were  ke])t  (jutte  at  a  stand-still  for  two 
or  three  weeks;  they  did  not  recover  from  tiie  attack  and  yielded 
but  a  very  small  per  cent  of  fruit.     (See  Fig.  3.) 


The  damage  to  the  flowers  of  strawberries  was  not  so  severe 
as  in  \}y,  but  blackberries,  dewberries  and  roses  -probably  suf- 
fered more. 

tn  blackberries  and  dewberries,  the  damage  probably  con- 
sists in  preventin'j  the  fertilization  of  the  ovaries,  as  in  the  case 
of  strawberries.  There  is  a  difference,  however,  to  be  noted,  in 
the  result,  for  in  the  dewberry  and  blackberry  where  the  fleshv 
ovaries  make  up  the  fruit,  a  few  ovaries  may  be  left  intact,  ami 
a  small  and  inferior  fruit  may  result,  with  a  few  normally  de- 
veloped ovaries,    (See  Fig.  4.)  In  the  strawberry,  where  the  fruit 


is  made  up  of  the  receptacle,  if  the  attack  has  been  a(  all  severe, 
the  entire  voung  fruit  dries  up. 

The  complaint  of  blighting  of  roses  has  been  quite  general. 
The  pi-'tals  are  chafed,  so  that  a  rose  soon  blackens,  and  withers. 
A  bud  becomes  infested  as  soon  as  it  is  sufficiently  open  to  allow 
the  entrance  of  the  insects.  In  the  course  of  eighteen  to  twenty 
hours  it  is  usually  so  blackened  as  to  be  worthless. 

LIFE  HISTORY  AND  HABITS. 

To  determine  the  life  history  of  Thrips  tritkt,  a  considerable 
number  of  adults  were  caught,  divided  about  equally  into  three 
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lots,  and  placed  in  three  bottles.  In  each  of  the  e  bottles,  two  or 
three  young  bean  pods  were  placed  to  furnish  a  place  for  ovipo- 
sition,  and  also  as  food.  At  the  end  of  twelve,  eighteen  and 
twenty-four  hours  respectively,  the  thrips  were  removed.  In  the 
course  of  about  three  days  the  young  began  to  work  their 
way  out  of  the  beans. 

A  just  hatched  thrips  was  carefully  transferred  to  each  of 
twelve  small  tubes,  in  which  had  been  placed  a  small  piece  of 
rose  petal.  It  was  possible  by  this  means,  to  keep  close  watch 
cfleach  insect,  and  by  supplying  fresh  food  twice  each  day,  five 
of  the  insects  were  bred  into  the  adult  condition,  the  others 
getting  stuck  to  the  tube  by  moisture,  when  very  young.  Four 
of  the  thrips  that  reached  the  adult  condition  were  observed  to 
go  through  three  molts  in  all.  The  first  molt  occurs  when  the 
larva  is  about  three  days  old ;  the  second,  at  the  end  of  the  larval 
stage,  when  the  nymph  stage  is  entered;  this  occurs  about  five 
days  after  hatching.  The  nymph  state  lasts  four  days,  when  the 
final  molt  into  the  adult  occurs. 

From  the  above  it  is  seen  that  the  tgg  state  lasts  approxi- 
mately three  days,  the  first  larval  stage  for  three  days,  the 
second  for  two  days,  and  the  nymph  stage  four  days,  making  a 
total  of  approximately  twelve  clays  for  the  life  cycle.  Tlie  same 
experiment  was  made  again,  about  two  weeks  later,  with  practi- 
cally the  same  results.  The  larval  stage  was  found  to  vary  some- 
what, in  one  case  it  lasted  for  nearly  seven  days.  The  number 
of  molts  was  found  to  be  the  same  as  previously  recorded. 

C)\nposition  was  observed  but  once.  In  this  case  the  thrips 
was  on  the  outside  of  the  calyx  of  a  rose;  the  ovipositor  was 
gradually  worked  down  into  the  tissue,  quite  its  length,  and  after 
a  few  seconds  pause,  the  abdomen  was  seen  to  be  contracting 
and  expanding;  five  or  six  contractions  occurred,  when  after  a 
sudden  movement  of  the  antennae,  the  ovipositor  was  suddenly 
withdrawn,  and  the  thrips  ran  on.  Careful  dissection  of  the 
calyx  revealed  the  egg,  its  apex  almost  level  with  the  epidermis 

In  strawberries,  eggs  are  placed  mainly  in  the  calyx,  on  the 
outside,  where  it  surrounds  the  base  of  the  large  receptacle;  as 
many  as  eight  eggs  have  been  found  here,  in  a  badly  infesteii 
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flower,  by  peeling  back  the  epidermis,  to  which  the  eggs  will 
remain  attached.  Many  eggs  are  placed  in  the  flower  stalk, 
sometimes  as  far  as  three  inches  below  the  flower.  In  rare  cases, 
eggs  are  placed  in  the  bases  of  stamens,  but  never  in  the  pistil, 
so  far  as  I  have  observed.  In  the  bean,  eggs  are  deposited 
almost  entirely  in  the  flower  stalk,  the  apex  just  even  with  the 
surface.  In  roses,  eggs  are  placed  in  about  the  same  position  as 
in  the  strawberry,  that  is,  in  the  calyx  on  the  outside,  and  less 
usually  in  the  flower  stalk. 

In  hatching,  the  young  thrips  gradually  works  out  until 
about  four-fifths  up,  when  the  antennae  and  legs  become  separ- 
ated from  the  body,  and  falling  forward,  it  soon  pulls  itself  free, 
the  whole  process  requiring  not  more  than  one-half  hour.  As 
soon  as  hatched,  the  insect  possesses  considerable  agility,  and  by 
three  or  four  hours  has  taken  sufficient  food,  that  it  may  be 
detected  in  the  alimentary  canal,  through  the  white  semi-trans- 
parent body.  In  the  course  of  eighteen  hours  they  attain  the 
characteristic  bright  orange-yellow  color,  though  not  yet  so  deep 
as  in  an  older  larva.  In  feeding  gregariously,  they  make  defensive  * 
use  of  the  strong  spines  on  the  end  of  the  abdomen,  by  striking 
right  and  left  at  the  intruder,  and  usually  securing  a  wider  berth. 

Some  eight  or  ten  hours  before  molting  into  the  nymph  state, 
a  thrips  retires  to  a  secluded  place,  where  it  remains  very  quiet, 
and  unless  molested,  rarely  moves.  It  gradually  loses  its  bright 
yellow  color,  and  eventually  molts.  The  nymph  stage  is  passed 
in  a  secluded  place,  frequently  where  the  molt  occurred.  In 
tubes,  the  space  between  the  small  end  of  the  cork  and  tube  was 
a  fr-vorite  place,  or  a  dried  petal  was  used.  Unless  disturbed, 
the  nymph  rarely  moves;  when  disturbed,  its  movements  are  rath- 
er slow  and  uncertain,  particularly  in  an  older  nymph.  When  this 
stage  is  first  entered,  the  wing-pads  are  quite  short,  rarely  reach- 
ing the  caudal  margin  of  the  second  abdominal  segment,  by  the 
end  of  the  first  six  or  eight  hours.  At  the  end  of  about  thirtv- 
six  hours,  the  pads  arc  of  full  length,  that  is,  reaching  to  near 
the  end  of  the  sixth  abdominal  segment.  During  the  latter 
part  of  this  stage,  the  skin  and  body  seem  to  separate,  somewhat, 
so  that  they  may  be  dearly  distinguished.    When  just  malted, 
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the  adult  is  light  yellowish,  and  does  not  attain  its  normal  color 
until  some  hours  later. 

Adult  thrips  are  quite  agile,  readily  flying  when  disturbed, 
or  at  other  times.  A  florist  recently  reported  to  me,  that  he  had 
been  very  much  annoyed  by  their  crawling  over  his  face  and 
hands,  and  biting,  as  he  sat  by  an  open  window  in  a  lighted 
room  at  night.  From  personal  experience,  I  know  that  they  are 
capable  of  producing  an  unpleasant  sensation  of  biting,  when 
on  the  hands.  They  fly  around  to  some  extent,  at  least,  through 
the  day,  as  I  have  frequently  observed  them  on  my  clothing, 
some  distance  from  their  food  plants. 

DESCRIPTION. 

Egg. — Size,  .25x.imm  (.009X.003  in.);  clear  whitish  in  colo*-; 
oblong,  curved  in  shape.     (See  Fig,  5,  Plate  I.) 

Larva,  First  Stage. — Length  about  .5mm,  (.019  in.), 
width  of  thorax  nearly  .imm.  (.003  in.);  body  fusiform,  gradually 
tapering  caudad  from  fifth  or  sixth  abdominal  segment. 
Color,  clear  whitish:  eves,  reddish.  Antennae  distinctlv  four 
jointed;  basal  joint,  cylindrical,  short;  second  somewhat  urn- 
shaped,  with  distinct  distal  rim.  about  as  long  as  broad;  third 
joint  conical,  apex  of  cone  united  to  second;  fourth,  fusiform, 
widest  near  basal  fourth,  quite  as  long  as  other  three  joints 
together.  Joints  two,  three  and  four  ringed;  two  and  three 
rather  obscurely,  but  on  fourth  joint  the  rings  are  quite  pro- 
nounced, where,  on  distal  part,  they  appear  to  divide  the  joint 
into  short  cylindrical  segments.  On  the  fourth  joint  the  rings 
are  minutely  setate.  Numerous  large  setae  also  are  present  on 
all  joints,  most  numerous  on  fourth.  Legs  stout;  hind  femur 
about  as  long  as  tibia;  tarsus  one-jointed,  terminating  in  claw- 
like fork;  bladder-like  expansion  of  adults  apparently  wanting. 
Abdomen  composed  of  ten  segments,  marked  dorsally  with  four 
longitudinal  rows  of  setae,  and  a  row  on  each  side.  All  of  these 
setae  appear  to  be  somewhat  enlarged  and  rounded  distally, 
except  one  pair  on  dorsum  of  last  segment.  On  tenth  segment 
these  setae  are  quite  long,  being  from  two  to  four  times  longer 
than  the  others.     (See  Fig.  6.  Plate  L) 
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Larva,  Second  Stage. — Length  about  i.  mm.  (.039  in.): 
width  of  thorax  about  .22  mm.  (.008  in.) ;  shape  about  as  in  Stage 
I.  Color  of  body,  deep  orange  yellow;  legs  and  antenna^  lighter; 
eyes  reddish;  antennae  four- jointed  as  in  first  stage;  basal  joint 
short,  cylindrical,  about  one-half  as  long  as  wide;  second,  sub- 
cylindrical  somewhat  longer  than  wide;  third  sub-conical  about 

a  third  longer  than  wide ;  fourth  about  as  long  as  proximal  three 
together,  fusiform,  thickest  about  basal  fourth.  Joints  three 
and  four  plainly  ringed,  the  rings  of  fourth  joint  quite  distinct 
and  minutely  setate  as  in  first  stage.  Large  setae  also  are 
present  about  as  in  Stage  i.  Femur  of  hind  legs  about  as  long 
as  tibia;  tarsus  one-jointed,  somewhat  forked  distally,  and  bear- 
ing a  mebraneous  expansion.    (See  Fig.  7,  Plate  i.) 
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NYMPH  OR  PUPA.  I 


(i)  Young  Nymph. — The  young  nymph  has  a  general 
resemblance  to  an  adult  larva  in  shape;  in  color  it  is  much 
lighter,  being  light  yellow,  with  legs,  antennae  and  wing-pads  still 
lighter.     Eyes  reddish. 

In  the  antennae,  legs  and  wing-pads  the  nymph  skin  appears 
som-cwhat  as  a  sheath  to  these  parts  of  the  forming  adult.  The  an- 
tennae are  three  or  four  jointed  apparently,  thick  and  clumsy.  The 
basal  joint  is  large,  swollen,  slightly  longer  than  wide;  the  second 
is  about  twice  as  long  as  wide  and  somewhat  constricted  in  mid- 
dle. Third  joint  is  about  a  third  longer  than  second,  gradually 
tapering  distally  to  an  obtuse  end.  When  the  nymph  stage  is  first 
entered  the  antennae  project  cephalad,  in  normal  position.     In 

six  or  eight  hours,  however,  they  are  laid  back  over  the  head 
and  prothorax.  The  mouth  parts  are  rudimentary,  and  are 
plainly  not  adapted  to  procuring  food  during  this  stage.  In  the 
hind  legs,  femur  and  tibia  of  about  equal  length;  tarsus  indistinct- 
ly one-jointed,  very  short  and  rounded  distally.  Wing-pads  short, 
scarcely  reaching  caudal  end  of  second  abdominal  se^ient,  bear- 
ing one  or  two  setae.  Abdomen  as  in  larva,  with  dorsal  and  lateral 
rows  of  setae,  which,  however,  are  acute.     On  the  dorsum  of 
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ninth  segment,  near  caudal  margin,  are  four  stubby,  hook-like 
processes,  curving  cephalad,  which  appear  to  be  the  four  modi- 
fied setae  for  this  region. 

(2)  Mature  Nymph. — Length  about  i  mm.  (.039  in.); 
width  of  thorax  about  .22  mm.  (.008);  color  light  yellow;  shape 
very  similar  to  that  of  adult  thrips.  Xymph  skin  more  or  less 
separated  from  body  of  the  adult  within,  particularly  so  in  the 
legs,  antennae,  mouth  parts,  wing-pads  and  caudal  end  of  abdo- 
men. The  wing-pads  reach  to  about  the  sixth  segment.  The 
mature  nymph  is,  of  course,  but  the  adult  encased  in  the  nympii 
skin.     (See  Fig.  8,  Plate  I.) 

Adult. — "Male,  length,  .75-.80  mm.  (.029-.031  of  an  inch); 
width  .20  mm.  (.007  of  an  inch).  Female,  length,  1.10-1.20  mm. 
(.042-.046  of  an  inch);  width  .25  mm.  (.009  of  an  inch).  Color, 
yellow,  thorax  tinted  with  orange;  antennae  with  dusky  annula- 
tions.  Head  from  above  nearly  square,  eyes  occupying  anterior 
aniTfles.  Antennae  approximate  at  base,  joint  two,  apical  half 
of  four,  and  six,  dusky;  joints  three  and  five  dusky  at  apex,  the 
antennae  appearing  annulated  under  low  power  of  microscope. 
Head,  thorax  and  abdomen  with  a  few  stiff  hairs.  Legs  con- 
colorous  with  body,  all  the  tibiae  with  two  spines  at  the  distal 
end,  distal  joints  of  tarsi  a  little  dusky,  proximal  joints  of  tarsi 
witli  two  spines.  Wings  narrow,  hyaline,  fringes  whitish; 
anterior  wings  have  a  costal  fringe  of  shorter  ciliae  than  pos- 
terior ones,  and  the  ciliae  are  intermixed  with  shorter,  stiflfer, 
spiny  liairs,  which  at  base  replace  the  fringe;  two  rows  of  black- 
ish spines  on  the  upper  surface  of  wing  corresponding  with  sub- 
costal and  median!  veins. 

Posterior  wrings  with  no  discal  spines,  ciliae  of  anterior  edge 
shorter  and  more  spiny  than  those  of  posterior.  Both  wings 
have  rows  of  verv  minute  hairs  on  the  surface.  The  males  are 
shorter  and  smaller  than  the  females,  with  wings  reaching  be- 
yond the  tip  of  the  abdomen." — H.  Osborn.    (See  Fig.  9,  Plate  L) 

EXPERIMENTS  WITH  INSECTICIDES  IN  1898. 

It  was  intended  to  conduct  extensive  experiments  against 
the  thrips,  to  further  perfect  a  remedy,  and  to  find  other  ?ind 
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cli^^Lpcr  insecticides  than  those  tri(  d  during  '97.  With  the  co- 
r.peraticn  cl  1  rci.  ivolfs,  a  series  of  comparative  tests  of  dilTeront 
in^^ect!.  i.'e.:  \v: .  ^m:le:taken  in  the  h  ;)oratory,  as  a  preHminary  to 
further  f  eld  work.  lUit  before  field  work  could  be  undertaken. 
the  thrips  had  become  so  reduced  in  numbers  that  it  did  n  ^c 
seem  profitable  to  undertake  the  work.  The  results  of  the  labor- 
Mo:  y  tests  rre,  however,  given.  As  thrips  were  needed,  a  num- 
hi^T  of  wide  mouthed,  four  ounce  bottles  were  taken  to  the  field. 
^nd  a  considerable  quantity  of  them  collected  in  each,  by  picking 
off  several  blackberry  blooms,  shaking  them  in  the  bottle,  and 
suddenly  tiirowing  out  the  flowers,  after  which  it  was  corked. 
Thrips  thus  collected  were  brought  to  the  laboratory,  and  as 
each  was  sprayed  with  a  particular  insecticide,  another  bottle  of 
cxcictly  .:£.r.  e  lind  was  tied  to  it,  with  the  mouths  together.  The 
sprayed  bottle  was  then  closely  wrapped  in  a  black  cloth,  and  the 
unsprayed  bottles  turned  towards  the  light;  by  this  means  it  was 
thought  that  thrips  not  destroyed  would  the  sooner  make  their 
way  to  the  unsprayed  bottle,  where,  after  separation  of  bottles, 
the  per  cent,  of  those  alive  and  killed  could  be  more  easily  de- 
termined. 

Tlie  following  substances  were  tried,  being  applied  w-ith  a 
hand  antomizer: 

No.  I.  Rose  Leaf  Insecticide. — (a)   i  part  Rose  Leaf  to  32 
parts  water.     Result,  all  dead,  about  175. 

(b)   I  part  Rose  Leaf  to  64  parts  water.     Result,  all  dead, 
about  200. 

Xo.  2.  Whale  Oil  Soap,  Anchor  Brand. — (a)   1  part  soap  to 
96  parts  water.     Result,  all  dead,  about  200. 

(b)  I  part  soap  to  192  parts  water.    Result,  dead,  about  120; 
alive,  5. 

(c)  1  part  soap  to  240  parts  water.  Result,  dead.  175;  alive,  5 

Xo.  3.  Kerosene  Emulsion. — Formula: 

Soap  (hard)   ^  pound 

Water 1   gallon 

Kerosene 2  gallon 

Diluted  with  16  parts  water.     Result,  all  dead,  about  50. 
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No.  4.  Sulphur  Spray. — Formula: 

Flowers  of  Sulphur  3  pounds 

Caustic  soda 2  pounds 

Water   i-.Sgallor, 

To  this  was  added  2  gallons  of  water,  the  whole  making  a  stock 
solution,  which  was  used  at  the  rate  of  i  part  sulphur  spray  to 
30  parts  water.     Result,  dead,  64;  alive,  39. 

So.  5.  Pyrethrum  Powder. — About  75  were  shaken  up  in 
a  bottle  with  a  half  teaspoonful  Pyrethrum.  None  w^ere  ob- 
served in  second  bottle,  after  a  lapse  of  twenty-four  hours. 

No.  6.  Pyrethrum  Decoction. — One  ounce  powder  to  one- 
quart  water,  boiled  20  minutes.     Dead,  44;  alive,  38. 

No.  7.  Tobacco  Decoction. — (a)  Tobacco  stems  and  leaves, 

2  ounces:   i   quart  water,    boiled    one-half    hour.     Dead,    149: 

alive,  6. 

(b)   I  part  decoction  to  32  parts  water.     Result,  dead,  175; 

alive,  3. 

No.  8.  Tobacco  Decoction  and  Syrup. — Tobacco,  2  ounces, 

water,  i  quart;  syrup,  4  ounces.    Result,  dead,  80;  alive,  30. 

No.  9.  Bluestone  (CuSO-). — Bluestone,  i  ounce;  water,  P. 
ounces.     Result,  dead,  107:  alive,  94. 

No.  10.  Salsoda  (Na'-^CO-^). — Salsoda,  i  ounce;  water,  8 
ounces.     Result,  dead,  127;  alive,  49. 

No.  II.  Powell's  Kerosene  Emulsion. — 1  pound  to  10  gal- 
lons water.    Result,  dead,  74 ;  alive,  70. 

No.  12.  Water. — Sprayed  thoroughly  with  water.  Result, 
dead,  3;  alive,  75. 

No.  13.  Hammond's  Thrip  Juice,  No.  2. — (a)  Used  at  rate 
of  I  to  20  parts  water.  Result,  all  dead,  about  175.  (b)  i  to  40. 
Result,  all  dead,  about  200. 

No.  14.  Potassium  Sulphide  (K^S). — (a)  i  to  64.  Result, 
dead,  200;  alive  70.    (b)  i  to  256.    Result,  dead,  30;  alive,  45. 

No.  16.  Common  Sah  (NaCl). — i  to  6.  Result,  dead,  129; 
alive,  14. 

No.  16.  Potassium  nitrate  (KNO'^j. — i  to  8.  Resuh,  dead, 
178;  alive,  68. 

In  addition  to  these,  tobacco  smoke  and  sulphur  fumes 
were  tried  in  the  field.     Both  were  applied  with  a  Crane  be- 
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smoker,  to  badly  infested  bean  plants.  The  tobacco  sinoki 
quickly  stupified  the  insects,  but  in  most  cases  they  eventually 
recovered. 

Sulphur  fumes  did  not  seem  to  have  much  effect  on  them. 

t::k  i'>est  treatmext. 

Reviewing  the  experiments  thus  far  made  in  the  field,  it  will 
be  observed  that  the  Rose  Leaf  Insecticide  gave-  much  the  best 
results.  The  insects  died  in  most  cases  when  fairly  struck  hv  the 
spray.  In  the  laboratory  experiments  in  1898,  it  will  be  noticed 
that  several  insecticides  were  very  efficient  when  the  thrips  we/e 
bottled  up.  By  the  use  of  the  following  insecticides,  all  of  the 
insects  treated  were  killed : 

Rose  Leaf  Insecticide,  i  to  64;  Whale  Oil  Soap  (Anchor 
Brand),  i  to  200;  Kerosene  Emulsion,  i  to  16;  Pyrethrum  Pow- 
der, undiluted;  Hammond's  Thrip  Juice,   i   to  40. 

But  it  does  not  necessarily  follow  that  these  insecticides 
would  be  as  efficient  in  the  field.  Thus,  the  Whale  Oil  Soap 
used  in  the  field  experiments  last  year,  did  not  compare  favora 
bly  with  results  obtained  from  the  use  of  Rose  Leaf,  while  in  th-.- 
laboratory  the  results  were  identical.  It  should  be  noted.  How- 
ever, that  different  brands  of  soap  were  used  in  field  and  kibora- 
tory  experiments;  in  the  former,  a  low  grade  was  used,  and  in  the 
latter,  Legpett's  Anchor  Brand. 

And  again,  by  the  use  of  Pyrethrum  in  the  laboratory, 
all  thrips  were  killed,  while  in  the  field,  it  had  little  if  any  effect. 
This  difference  in  results  is  doubtess  due  to  the  use  of  pyrethrum. 
in  the  one  case  in  a  bottle,  where  the  odor  is  confined,  and  in 
the  other,  in  the  open  air,  where  its  value  would  be  greatly 
lessened. 

In  addition  to  spraying,  particularly  in  the  case  of  strawber- 
ries and  roses,  it  would  be  of  much  value  to  carefully  remove  all 
blighted  flowers,  with  their  flower  stalks  and  quickly  throw  them 
in  kerosene  or  burn  them.  By  doing  this,  numerous  thrips  and 
the  eggs  in  the  calyces  and  flower  stalks  would  be  destroye'l. 
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which  would  materially  affect  the.  abundance  of  the  insects  in  the 

future. 

Spraying  should  be  repeated  as  th«  abundance  of  the  insects 
demands.  Whenever  the  thrips  become  so  abundant  as  to  be  de- 
structive to  any  kind  of  plant,  they  are  usually  quite  abundant  in 
many  other  plants  also,  and  a  field  of  strawberries,  for  instance, 
that  has  been  quite  freed  from  them  by  spraying,  might,  in  the 
course  of  ten  or  twelve  days,  become  badly  infested  again. 

Hammond's  Thrip  Juice,  No.  2  in  the  laboratory,  proved 
very  efficient.  Field  experiments  are  yet  necessary  to  de 
termine  if  it  will  be  equally  effective  there.  It 
is  believed  that  by  the  use  of  Rose  Leaf  Insecticide, 
Whale  Oil  Soap  (Anchor  Brand)  or  Kerosene  Emulsion,  thrips 
can  be  kept  greatly  reduced,  and  their  ravages  minified  to  a 
considerable  extent. 

The  use  of  Kerosene  and  Whale  Oil  Soap,  however,  can 
hardly  be  recommended  for  the  treatment  of  thrips  in  strawberry 
fields  from  which  ripe  fruit  is  being  picked,  from  the  fact  that 
the  fruit  would  be  more  or  less  tainted  by  the  oils  of  these  insecti- 
cides. In  other  cases  where  no  fruit  would  be  sprayed  that  is 
to  be  immediately  used,  their  use  would  probably  prove  quite 
satisfactory.  The  Rose  Leaf,  on  the  other  hand,  does  not  injure 
fruit  for  immediate  use,  as  it  washes  off  readily,  hence  everything 
considered,  cost,  ease  of  preparation,  range  of  application  and 
effectiveness,  the  Rose  Leaf  Insecticide  is  recommended  in 
preference  to  anything  that  we  have  yet  tried. 

HOW  TO  USE  THE  ROSE  LEAF. 

Simply  mix  it  with  water  at  the  rate  of  one  pint  to  six 
gallons,  and  apply  it  thoroughly  to  infested  plants,  with  a  spray 
pump  that  gives  a  fine  and  forcible  spray. 

It  may  be  purchased  of  the  manufacturer  for  75  cents  per 
gallon,  of  stock  solution;  a  gallon  diluted  with  the  proper 
amount  of  water,  would  make  forty-eight  gallons  of  the  spraying 
mixture,  costing  i  and  6-10  cts.  per  gallon.  This  is  approximately 
the  cost  per  gallon  of  Kerosene  Emulsion,  ready  for  use,  not 
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including  the  cost  of  itts  preparation;  and  somewhat  more  than 
the  cost  of  a  gallon  of  Whale  Oil  Soap  solution.  It  is  hoped 
that  a  cheaper  insecticide  may  yet  be  found. 
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THRIPS  TABACI    LIND.* 

During  the  spring  seasons  of  the  last  two  years,  this  specie^ 
of  thrips  also  has  been  quite  destructive  at  Lake  City,  injuring 
onions,  cauliflower  and  cabbage.  The  conditions  favorable  for 
Thrips  tritici  seem  also  to  have  been  favorable  for  its  near  rela- 
tive. It  has  varied  considerably  in  abundance  during  the  spring, 
at  times  becoming  much  reduced,  and  again  it  would  be  present 
in  great  numbers.  The  insect  was  first  noticed  about  the  middle 
of  April  in  1897,  when  it  was  observed  to  be  infesting 
onions  on  the  Station  gardens.  The  insects  were  destructive- 
until  about  July  1.  when  they  gradually  disappeared. 

In  1898,  the  insect  was  observed,  April  28th,  to  be  quite 
abundant  on  onions  in  the  Horticultural  department,  and  some 
davs  later,  IVof.  Rolfs  called  mv  attention  to  its  occurence  on 
cabbage    and    cauliflower.      To    these    plants    it    proved    quite 


*I  am  under  obligations  to  Dr.  L.  O.  Howard  for  the  deter 
mination  of  Thrips  tabaci. 
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destructive  during  May,  and  the  first  two  weeks  of  June.  By  the 
last  of  June,  the  insects  were  becoming  very  scarce,  and  at  this 
date  (July  15th)  none  are  to  be  found.  Beginning  with -July, 
considerable  rain  has  fallen,  which  may  have  hastened  their  dis- 
appearance. 

NATURE  OF  THEIR  INJURY. 

This  species  is  injurious  to  the  foliage  of  plants.  On  the 
onions,  it  chafes  off  the  epidermis  from  the  green  leaves,  there- 
by causing  them  to  dry  out,  whiten  and  frequently  die.  On  the 
cabbage  and  cauliflower  their  effects  are  about  the  same.  They 
are  much  more  abundant  on  the  lower  surface  of  the  leaves, 
where  they  chafe  off  the  leaf  substance,  much  as  in  their  attack 
on  onions.  Tlie  leaves  of  cabbage  and  cauliflower,  however,  par- 
ticularly on  the  lower  side,  become  brown,  and  have  a  scalded 
appearance.  Such  leaves  eventually  become  much  dried  up,  and 
doubtless  are  not  of  much  functional  value. 

ORIGIN  AND  DISTRIBUTION. 

This  insect  has  even  a  wider  range  than  Thrips  tritici;  ac- 
cording to  Mr.  Th.  Pergande,  Assist.  Entomologist,  U.  S.  Dep. 
Agrl.,  it  occurs  in  the  following  localities:  Russia,  Germany, 
Bernnida.  Connecticut,  New  York,  New  Jersey,  Pennsylvania. 
Virginia,  Ohio,  Illinois,  Colorado  and  California.  To  th^se 
should  now  be  added  Florida.  It  is  doubtless  of  European  origm, 
and  has  been  brought  over  in  some  shipment  of  onions  or  cab- 
bage. The  insect  was  first  made  known  to  science,  by  Dr. 
Lindenian,  of  Moscow,  who  found  it  very  destructive  to  tobacco, 
in  Southern  Russia.  At  Lake  City,  although  occuring  in  cab- 
bage fields  adjacent  to  tobacco  fields,  it  has  not  been  observed  to 
attack  tobacco. 

The  extent  of  its  work  in  other  States  may  be  judged  from 
the  following  quotation  from  Lintner's  nth  Rept.  as  State  Ento- 
mologist to  N.  Y.,  p.  244:  "Tliis  species  has  been  commonly 
recorded  as  depredating  on  the  tops  of  onions,  and  its  injuries 
have  been  quite  serious  at  times,  as  in  the  instance  reported  by 
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Dr.  Packard,  where  in  1872,  one-tenth  of  the  crops  of  Essex  Co., 
Mass.,  was  destroyed  by  it  at  an  estimated  loss  of  $10,000.  In 
some  localities,  it  has  proved  so  destructive  that  the  growing  of 
the  crop  had  been  abandoned.  Next  to  onions,  its  preference 
seems  to  be  for  cabbage.  It  might  be  thought  that  this  was  a 
recently  acquired  taste,  for  during  the  space  of  twenty  years  no 
record  appears  of  its  being  found  upon  this  plant — the  first  such 
publication  being  that  made  by  me  in  1892,  in  the  Country  Gen- 
tleman, as  above  cited.  It  seems  that,  however,  Mr.  Pergande 
has  found  it  recorded  in  his  notes,  as  occurring  in  the  District 
of  Columbia  and  Mrginia,  during  the  years  1882  to  1888,  on  the 
leaves  of  cabbages.  In  1894,  its  operations  on  cabbage  were 
studied  by  Messrs.  Sirine  and  Lowe,  of  the  New  York  Experi- 
ment Station  on  Long  Island.  It  was  not  very  harmful  to  the 
cabbage,  as  it  attacked  and  killed  mainly  the  outer  leaves,  and 
deserted  them  the  latter  part  of  September  for  onion  fields." 

FOOD  PLANTS. 

The  following  list  of  food  plants  is  also  taken  from  the  same 
source : 

Cabbage.  Cinquefoil  (Potcuiilla), 

Kale.  Stonecrop — ?  (Scdum). 

Cciuliflower.  Squash. 

Turnip.  Cucumber. 

Candy-tuft  (Ihcris).  Melons. 

Mignonette  {Reseda  ordonita).     Parsley  (Carum  sativum). 
Nasturtium  (Tropaeolum).  Tomato  (Lycopersicum  eseulcn- 

Blanket-flower  (Gaillardia).  turn). 

Cone-flower  {Rudbcekia).  Tobaccc  {Xicoliar.a  tabaeiDJi). 

Catnip  {Xepeta  eataria).  Jamestown  weed  {Datura  strantc 

Heal-all  {Brunella  vulgaris).  nium). 

Four  o'clock  (Mirabilis).  Garden  leek  {Allium  porrum). 

Sweet  Clover  {Melilotus  alba).      Onion. 

To  this  list  should  be  added  Crab-grass  (Panicum  sanguin- 
ale,  L.)  on  the  leaves  of  which  the  insects  were  collected.  May 
15th,  1897,  at  Lake  City. 
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LIFE  HISTORY  AND  HABITS. 

According  to  Dr.  Lindcnian,*  who  has  studied  the  life  his- 
tory of  this  insect  in  Russia,  the  egi^s  are  elliptical,  of  a  reddish 
color,  measuring::  not  more  than  .25  mm.  in  length,  and  arj  glued 
along  the  smaller  veins  of  the  leaf,  on  the  lower  surface.  Thi^ 
stage  was  found  to  last  ten  days.  Larvae  hatched  July  loth  in 
large  numbers  feeding  on  the  leaves,  until  August  loth.  when 
they  suddenly  disappeared,  and  were  found  to  have  gone  to  the 
stalk  and  upper  side  of  the  leaves,  where  they  passed  the  nymph 
stage.  (.)n  indirect  evidence  the  nymph  stage  is  given  as  seven 
days.  Thus  the  life  cycle  requires  forty-seven  days.  Three 
generations  were  observed  during  the  year. 

My  own  observation  on  this  insect  during  the  past  spring  in 
I'lorida.  do  not  agree  with  those  of  Dr.  Lindeman.  The  insect 
was  studied,  on  onions,  cabbage  and  cauliflower,  their  behavior 
being  practically  the  same  on  the  three  plants.  As  many  as  ten 
insects  were  bred  through  all  stages,  and  numerous  tubes  of 
thri])s  were  studied  with  respect  to  various  points. 

The  eggs  were  deposited  singly,  just  beneath  the  epidermis 
o\  the  plant  infested.** 

In  the  onion  this  may  be  anywhere  on  the  leaf.  In  the  case 
of  cabbage  or  cauliflower  a  slight  preference  is  shown  for  the 
veinlets. 

The  process  of  oviposition  was  observed  but  once.  In  this 
case  the  (^^^J!;^  was])lace(l  in  a  cauliflower  leaf  in  about  the  same  way 
as  with  Thrips  tritici  but  with  this  difference:  previous  to  cutting 
a  slit  in  the  leaf  with  the  ovipostior,  a  small  patc'i  of  epidermis  was 

'•'i)ie  Schadlichstcn  Insekten  djs  Tabak  in  Bessarabien — pp. 
56-59.     (M;)scow,  IN^«.) 

**ln  bulletin  27,  of  the  Iowa  Agricultural  College,  p.  I3«). 
rri)f.  nrhorn  states  that  the  eggs  of  Thrips  alii,  (iillette  (Thrips 
tabaci,  Lind.)  are  dei)osite(l  slightly  beneath  the  surface  of  the 
leaf,  and  imbedded  in  the  cell  structure.  (The  observation  is 
credited  to  Miss  Alice  M.  r»each.) 
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torn  off  with  the  mouth  parts.  The  thrips  then  advanced,  and 
worked  the  ovipositor  down  in  this  exposed  place.  Further  ob- 
servation of  course  is  necessary  to  ^determine  if  this  is  a  usual 
habit,  or  was  accidental  in  the  instance  observed. 

The  egg  of  this  species  is  almost  colorless,  elongate,  and 
curved,  very  similar  indeed  to  those  of  Thrips  tritici.  The  egg 
state  lasts  from  three  and  a  half  to  four  days.  Upon  hatching, 
the  larvae  are  quite  agile,  running  about  readily  if  disturbed. 
They  are  almost  transparent  in  color  but  become  gradually  of  a 
greenish  yellow  color,  the  greenish  tint  due  doubtless  to  the  con- 
tained food.  These  larvae  are  somewhat  gregarious  in  their 
habits,  and  may  be  seen  feeding  together  in  groups.  Like  Thrips 
tritici  they  also  use  the  spines  on  the  end  of  the  abdomen  to 
drive  away  intruders,  by  striking  right  and  left.  In  almost  all 
cases  it  has  the  desired  effect,  and  the  victim  seems  glad  to  get 
away.  The  larval  stage  lasts  from  seven  to  nine  days,  during 
which  time  the  insect  goes  through  two  molts.  The  first  occurs 
from  two  to  three  days  from  birth,  the  last,  being  into  the 
nymph  stage.  The  nymph  stage  lasts  for  four  days,  the  insect 
remainng  almost  in  the  same  tracks  throughout  the  period,  if 
left  undisturbed.     Xo  food  is  taken. 

The  wing-pads  for  the  first  few  hours  are  short,  hardl} 
reaching  the  caudal  margin  of  the  second  abdominal  segment. 
In  two  days,  however,  they  are  full  length,  reaching  to  near  the 
eighth  segment.  Some  four  to  six  hours  before  molting  into  the 
nymph,  a  larva,  in  tube  bred  specimens,  leaves  the  food  and 
retires  to  as  protected  a  place  as  possible,  where  it  remains 
quietly,  and  gradually  becomes  somewhat  lighter  in  color.  Dur- 
ing the  nymphal  stage  these  insects  move  with  difficulty,  and  arc 
plainly  at  considerable  disadvantage.  Xymphs  were  found  in 
some  abundance  in  the  held.  In  union  fields  thev  were  found 
almost  entirely  down  on  the  bulb,  in  the  loose  soil.  In  the  case 
of  cabbage  and  cauliflowers,  they  were  found  hid  away  in  the 
dead  leaves,  and  in  the  pits  in  the  leaf  scars.  Nymphs,  however, 
could  not  be  found  in  anything  like  proportionate  numbers  to 
the  adults  and  larvae,  and  it  seems  probable  that  the  usual  place 
for  passing  this  stage  was  not  found. 
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The  third  and  last  molt  of  the  insect  is  from  the  nymph  to 
the  adult  condition.    A  newly  developed  adult  is  quite  light  in 

color,  and  does  not  acquire  the  normal  color  for  twelve  to  fifteen 
hours.  The  length  of  life  of  an  adult  was  not  satisfactorily  deter- 
mined. Specimens  were  kept  however  for  nearly  three  days,  when 
they  met  with  an  accident. 

From  the  above  it  will  be  seen  that  the  total  life  cycle  of 
the  insect  in  Florida  is  approximately  sixteen  days,  a  difference 

of  about  thirty-one  days,  from  that  of  its  life  cycle,  in  Russia,  a^ 
recorded  bv  Dr.  Lindeman.  In  Russia  three  distinct  broods 
may  occur  yearly.  In  Florida,  there  are  probably  no  distinct 
broods,  as  all  stages  may  be  found  at  the  same  time.  Allowing 
for  the  life  cycle  at  sixteen  days  a  large  number  of  broods  could 

occur  during  the  year,  but  unfavorable  conditions  keep  them 
reduced,  except  during  the  spring  and  perhaps  early  summer, 
so    that   it   will    probably    not   happen   that   they   will    develop 

throughout  a  year,  according  to  their  capabilities. 


DKSCRTFTIOX. 


Egg. — Length,  .26  mm.  (.01  in.);  width,  .12  mm.  (.004  in.); 
in   shape   the   egg  is   elliptical    and    curved.      Fresh    eggs    are 

clear  white.  In  eggs  with  advanced  embryos,  the  reddish  eyes 
are  distinctly  visible. 

Larva,  First  Stage. — (About  one-half  hour  after  hatching) 
Length,  .38  mm.  (.014  in.);  width  of  thorax,  .14  mm.  (.005  in.), 
somewhat  fusiform  in  shape,  gradually  tapering  caudad  from 
fourth  or  fifth  abdominal  segment;  body,  legs  and  antennae,  clear 
white;  eyes  reddish.     Head  in  dorsal  aspect,  about  as  broad  as 

long;  the  eves  arc  situated  on  the  cephalic  lateral  margins;  no 
ocelli.  In  cephalic  aspect  the  head  is  seen  to  be  considerably 
produced  ventrad  and  caudad,  sub-oval  in  outline.  The  four- 
jointed  antennae  arc  born  from  the  vertex,  and  are  approximate 
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at  base.    The  basal  joint  is  short,  cylindrical,  of  about  one-half  ^ 
the  length  of  second;  second  joint  sub-pyriform,  slightly  longer 
than  wide;  third,  sub-spherical,  about  as  long  as  second.     The 

fourth  joint  is  as  long  as  the  proximal  four  together,  club  shaped, 
thickest  near  the  basal  third,  from  where  it  gradually  tapers  dis- 
tally  to  a  point.    Joints  three  and  four  are  ringed;  in  the  distal 

part  of  joint  four,  these  are  much  more  pronounced,  dividinj^ 
it  into  what  might  be  taken  for  short,  indistinct  segments.  The 
antennae  bear  setae  which  are  much  more  numerous  on  fourth 
joint.    Legs  stout;  coxae  and  trochanters  short;  femur  about  as 

long  as  tibia  and  tarsus  together.  The  tarsus  appears  to  be 
composed  of  but  one  joint,  which  terminates  distally   in  two 

diverging  claw-like  processes;  the  bladder-like  expansion  on  t\]} 
of  tarsus  does  not  seem  to  b^  present  in  this  stage.  The  abdo- 
men is  composed  of  ten  segments;  on  the  dorsum  of  abdomen 
are  four  longitudinal  rows  of  acute  setae,  and  a  row  also  on  each 

lateral  margin.  On  the  tenth  segment  these  setae  are  quite  large, 
being  from  two  to  four  times  longer  than  the  others. 

Mature  Larva  (Second  stage). — Length,  .94  mm.  (.030 
in.);  width  of  mesothorax  .22  mm.  (.008  in.).  Body  elongate, 
abdomen   tapering  caudad   from   about   fifth   segment.     Head 

slightly  longer  than  wide.  Color  greenish  yellow,  varying  *o 
greenish  white.    Legs  and  antennae  lighter;  eyes  reddish  brown; 

ocelli  wanting.  Setae  practically  as  in  stage  i.  Antennae  four- 
jointed;*  basal  joint  short,  cylindrical;  second  sub-cylindrical, 

about  twice  as  long  as  first.  Third  joint  a  fourth  longer  than 
second,  sub-pyriform,  united  to  second  by  narrow  "neck," 
rather  closely  ringed.     Fourth,  about  as  long  as  proximal  three 


*Lindeman  regards  the  antennae  as  six-jointed,  but  to  me, 
joint  four  has  not  appeared,  to  allow  of  being  considered  as 
made  up  of  three  joints;  although  there  are  four  more  or  less 
well  defined  parts  as  determined  by  the  ring:,  which,  if  con- 
sidered as  joints,  would  make  seven  in  all,  instead  of  six. 


logL'thcT,  diib-s!iaped,  ringed  as  in  stage  i.  Antennae  bearing 
setae,  much  more  numerous  on  fourth  joint.  Tarsi  without  the 
pronounced  ctaw-like  structures  of  first  stage.  In  other  respects 
L'ssentially  as  in  the  preceding  st;!<je.     (See  I-ig.   lo.) 

XvMPH  (about  two  days 
old). — Length,  about  7  mm. 
(.027  in.):  width  of  mestho- 
rax,  about  .15  mm.  (.005  in.); 
color,  yellowish,  varying  to 
almost  colorless,  eyes  red- 
dish. I'upa-skin  somewhat 
sei>aratcd  from  the  body 
jjroper,  being  particularly  no- 
ticeable in  the  caudal  end  of 
the  abdomen,  wing-pads,  legs 
and  antennae.  In  these  two 
latter,  the  joints  are  very  ob- 
scure, the  inipa-skin  covering 
Ihem  as  a  sbcatli. 

The  wing-pads  reach  to 
;!b(iut  the  eighth  abdominal 
segment.     There  are  numer- 

,.,„  .«ac  .,„  ,he  b„%.  a„,e„-  ,:i'z;^Tz^zz^:::ts. 

nae,  legs  and  wing-pads.  On         enUirttcd. 

the  abdomen  they  have  p-actically  the  same  position  as  in  the 
adult  larva.  The  dorsal  setae,  of  tiie  last  segment  in  the  n3miph, 
are  very  stout,  almost  hook-like,  cu.ving  cephalad,  (See  Fig.ir.) 
Adult. — The  adult  Tkrips  tabaci  is  i  mm.  long,  or  some- 
what kmger.  pale  yellow,  eyes  and  tip  of  snout  (Russelspitz) 
black.  The  caudal  margin  of  the  abdominal  rings,  black  in  the 
middle.  Body  with  few  .short  hairs,  which  on  the  last  two  seg- 
ments ap])ear  somewhat  longer;  upper  surface  of  the  body  with- 
out spines:  on  the  vertex  of  the  head  are  three  small  ocelli. 
Forehead,  between  the  closly  placed  antennae,  with  no  tooth- 
tike  process.  Antennae  seven-jointed.  Joint  one,  thick,  cylin- 
drical; two,  barrel   shaped,  somewhat  longer  than  one,  indis- 


tinctly  ringed ;  joints  three,  four,  five  and  six,  elongate,  elliptical, 
of  almost  equal  length,  except  joint  six.  which  is  somewhat 
longer.  All  are  indis- 
tinctly ringed.  JtMni 
seven,  small,  cone 
shaped,  a  little  more 
than  one-half  shorter 
than  the  preceding 
joint.  Legs  simple, 
thigh  not  inflated, 
wings  colorless,  reach- 
ing the  caudal  margin 
of  the  sixth  abdominal 
so^merit.  Their  upper 
surface  finely  haired. 
The  fore-wing  with 
2  veins;  hind-wing 
with  Inu  one  vein.  The 
caudal  margin  of  the 
■wings  l>ear  long,  dark, 
wavy  hairs,  which  ex- 
tend merely  as  far  as 
he  middle  of  the  mar- 
^n.  The  cephalic  mar- 
MaVfti^  gin  bears  short,  spine- 

BIiiiirB  iDu  spiHB  aru  nomeiriiHi  uDnormal.  on  HC-     [jj^^  hairS. 

The  abdomen  of  the  female  consists  of  ten  segments.  The 
two  last  taper  gradually  without  forming  a  tube-like  ending. 
The  ovipositor,  when  projecting  out,  tree,  is  seen  to  consist  of 
four  sword  shaped,  yellow  plates  with  serrated  margins.  The 
receptaculum  seminis  is  situated  in  the  sixth  abdominal  seg- 
ment, appearing  as  a  brown  pear-shaped  vesicle. 

The  males  are  smaller  than  the  females.  Their  abdomen  is 
only  nine  segmented.  In  the  sixth  and  seventh  abdominal  seg- 
ments lies  a  pair  of  brown  spoon  shaped  chitinous  plates  of  un- 


known  function.  At  the  caudal  end  of  the  abdomen  is  the 
nipple  Hke  copulatory  organ,  whose  end  bears  two  colorless. 
hooks,  and  which  is  covered  from  below,  by  a  half-ronnd  p)atj. 
the  ninth  segment."— From  Lindeman'sDieSchadliclisten  Insek- 
ten  des  Tabak  in  Bessarabicn,  p.  63.    (See  Fig.  12.) 


treatmp:nt. 


Several  insecticides  were  tried  against  this  insect.  They 
may  be  successfully  controlled  by  the  use  of  Whale  Oil  Soap 
(.Anchor  Brand),  at  the  rate  of  one  poimd  of  soap  to  four  gallons 
of  water:  or  by  the  use  of  Hose  Leaf  Insecticide,  at  the  rate  af 
one  pint  to  four  gallons  of  water.  The  use  of  Kerosene  Emul- 
sion will  alsi)  be  found  effective. 

In  si>raying  against  the  insect,  it  should  be  done  thoroughly; 
the  soil  around  the  plant  should  also  be  sprayed  as  well  as  the 
stems  of  cabbages  and  canlitlowiTs.  thus  destroying  the  pupae 
that  may  be  in  hiding. 
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*  PIRLIOGRAPHY  OF  THRIPS  TABACI. 

Liftwthrips  tritici.  Fitch.  Packard:  2nd  Ann.  Rept,  Ins.  Mass., 
1872,  pp.  5-8,  3  figs.    (Erroneous  reference.) 

Thrips  on  Onions  Plants,  Shipley:  In  Bull.  10  Miscellaneous  In- 
formation, Royal  Gardens,  1887,  p.  18. 

Thrips  tabaci,  Lindemari:  Schadl.  Ins.  d.  Tabak  in  Bessarabien, 
1888,  pp.  51-65  (life  history,  habits,  description,  remedies). 

Thrips  sp.  Thaxter:  in  Ann.  Rept.  Conn.  Agr.  Expt.  Stat.,  1889, 
p.  180  (injuries  in  Conn.). 

Thrips  sp.  Riley-Howard:  Insect  Life,  iii,  1891,  p.  301  (refer- 
ence); id.,  VI,  1893,  pp.  4-5  (reference). 

Thrips  sp.  Coquillett:  in  Insect  Life,  IV,  1891  p.  79,  (seriously 
injuring  potatoes  and  tumble  weed). 

Thrips  tabaciy  Lind.  Ritzema  Bros.:  Tierische  Schadlinge  und 
Nutzlinge,  1891,  pp.  577-578,  (description,  brief  notice). 

Thrips  sp.  Lintner:  in  Count.  Gent.,  Oct.  2y,  1892,  Ivii,  p.  809, 
(on  cabbage);  9th  Rept.  Ins.  N.  Y.  for  1892,  1893,  p.  445, 
(abstract  of  notice  in  Count.  Gent.). 

Limothrips  sp.  Baker:  in  American  Florist,  1892,  vii,  p.  168,  fig. 
(occuring  in  rose  buds). 

Thrips  striatOy  Osborn.  Gillette:  in  Bull.  24  Col.  Agrl.  Expt. 
Stat.,  July,  1893,  p.  13,  figs.  II,  12,  (may  be  n.  sp.,  and  sug- 
gests allii.);  in  5th  Ann.  Rept.  Col.  Agr.  Expt.*  Stat,  for  1892, 
1894,  p.  36;  in  6th  do.  for  1893,  1894,  p.  55  (referred  with 
doubt). 

Onion  Thrips.  Smith:  in  Ann.  Rept.  N.  J.  Agr.  Coll.  Expt.  Stat, 
for  1893,  1894,  p.  441 ;  in  id.  for  1894,  1895,  p.  447  (abun- 
dant); Econom.  Entomol.,  1896,  p.  102  (mention). 

Thrips  allii y  (Gillette.  Sirrine:  in  Bull.  83,  New  Ser.,  N.  Y., 
Agr.  Expt.  Stat.,  1894,  pp.  680-683,  plate  11;  the  same  in 
13th  Ann.  Rept.  N.  Y.  Agr.  Expt.  Stat.,  for  1894,  1895,  pp. 
758-760,  plate. 


*The  Bibliography  is  taken  from  Lintner's  nth  Report,  as 
State  Ento.  to  N.  Y.,  pp.  241-242. 
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Thrips    alliiy     Gillette.     Osborn-Malley :     lUill.     27,     la.     Agr. 
Coll.  Expt.  Stat.,  1895,  pp.  139-142. 

Thrips  tabaci,  Lincl.,  Pergande:  in  Insect  Life,  1895  vii,  pp.  392- 
395  (general  account). 

Linwthrips  tritici,  Pack.  Webster:  in  lUill.  58  Ohio  Agr.  Expt. 
Stat.,  189s,  pp.  xxxiii-xxxiv  (on  onions  in  Ohio). 

Thrips  (abaci,  Slingerland:  in  Rural   New  Yorker,  Iv,   1896,  p. 
561  (at  Peace  Dale,  R.  I.;  brief  notice  with  remedies). 
To  this  bibliography  should  be  added: 

Thrips  tabaci,  Lind.  Targ.  Tozzetti:  Animali  ed  Insetti  del  To- 
bacco in  Erbal  del  Tobacco  Secco,  1891,  pp.  222-224. 

ENEMIES  OF  THRIPS. 

Probably  th«  most  serious  insect  enemy  of  thrips  is  the 
Triphleps  insidiosus,  Say.  This  insect  is  very  common  In 
flowers  infested  with  thrips  and  has  frequently  been  observed  •^o 
thrust  its  beak  into  thrips  larvae  and  suck  from  them  their  body 
substance.  Both  the  larvae  and  adults  are  predacious  on  the  two 
species  of  thrips  here  considered.  The  eggs  of  this  Triphleps 
are  placed  in  the  tissues  of  plants  with  those  of  the  thrips.  In 
two  cases,  bean  flower  stalks  were  put  in  tubes  to  breed  out 
thrips  from  the  contained  eggs.  In  these  flower  stalks  were  eggs 
of  the  Triphleps  also,  which  hatched,  the  young  feeding  on  the 
young  thrips;  these  (about  fifteen  in  number,  in  one  case),  were 
quite  destroyed  by  two  Triphleps  before  the  thrips  had  attained 
the  adult  larval  condfition.  The  life  cycle  of  the  Triphleps  is 
quite  short,  requiring  but  about  fifteen  days. 

The  larva  of  a  species  of  Chrysopa  was  occasionally  ob- 
served feeding  on  thrips  larvae,  which  were  caught  by  the  long 
mandibles,  and  sucked  after  the  usual  manner  of  these  insects. 

During  the  spring  of  1897,  a  nematode  worm  was  occasion- 
ally pressed  from  the  abdomen  of  thrips,  though  it  is  by  no 
means  certain  that  these  were  parasitic.  Both  eggs  and  adults 
were  to  be  found  at  the  same  time,  in  one  individual. 
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SUMMj^RY, 


1.  The  tomato  crop  In  Florida  is  subject  to  destructive  dis- 
eases. 

2.  These  diseases  may  be  controlled  more  or  less  completely, 
depending  upon  the  skill  of  the  grower. 

3.  Rust,  or  Black  Rot,  is  the  most  prevalent  disease,  but  for- 
tunately, it  can  be  easily  controlled. 

4.  The  bacterial  blight  of  tomato  is  the  most  difficult  and  de- 
structive disease  with  which  we  have  to  contend. 

5.  The  diseases  due  to  physiological  conditions  can  be  con- 
trolled only  to  the  extent  to  which  we  have  control  over  the  physi- 
Qal  caiise^, 
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INTRODUCTION^. 


Six  years  ago  the  bulletin  on  the  Tomato  and  Some 
of  its  Diseases  was  published.  This  edition  is  exhausted, 
and  so  much  progress  has  been  made  in  treating  tomato 
diseases  that  the  present  bulletin  has  become  necessary. 

No  attempt  has  been  made  to  include  all  the  troubles 
to  which  the  crop  is  heir,  nor  to  treat  any  of  them  at 
length.  It  is  hoped,  however,  that  the  discussion  under 
each  disease  is  sufficiently  clear  to  enable  every  tomato- 
grower  to  diagnose  the  diseases  treated  if  they  exist  in 
his  field. 

It  has  been  remarked  frequently  that  we  are  con- 
stantly receiving  new  diseases;  this  is  an  inevitable  re- 
sult of  our  social  condition.  Seed  and  plants  are  brought 
from  all  quarters  of  the  earth,  often  bringing  with  them 
the  diseases  of  the  section  from  which  they  were  brought. 
This  condition  cannot  be  avoided,  and  we  must  simply 
make  the  best  of  it  The  increase  in  number  of  tomato 
growers  increases  the  liability  of  contagions  spreading 
from  one  field  to  another.  But  as  we  come  to  a  more 
thorough  understanding  of  the  needs  and  diseases  of  the 
tomato  crop,  we  come  to  a  correspondingly  firmer  basis. 
The  increase  in  number  and  severity  of  diseases  will  force 
all  tomato-growers  to  adopt  the  most  economical  meth- 
ods of  raising  the  crop,  and  to  follow  the  best  methods 
for  preventing  its  destruction. 
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RUST,  BLACK  ROT,  SPOT,  BLACK  SPOT. 

Macrosporium  (AUemaria)  Solant\  Ell  aod  Mart 

The  term  "black  rot"  has  been  applied  to  this  dis- 
ease from  the  fact  that  it  was  first  studied  as  occurring 
on  the  blossom  end  of  the  fruit.  At  this  place  the  fungus 
gains  an  entrance  and  causes  a  depression  of  the  fruit, 
which,  at  first,  looks  rather  brown  and  later  turns  to  a 
dark  velvety  appearance,  due  to  the  fact  that  numerous 
spores  are  formed  on  the  outside  of  the  tomato  at  this 
point. 

The  term  "rust"  is  applied  to  this  -same  fungus  when 
it  inhabits  either  the  stem  or  the  leaf  of  the  plant  The 
first  intimation  of  its  presence  is  small,  brown  spots 
forming  on  various  parts  of  the  leaves.  These  spots  con- 
tinue to  increase  in  size,latterly  becoming  large  blotches. 
Finally  the  w^hole  leaf  may  be  involved  and  become  func- 
tionlesa  The  term  "rust"  is  more  appropriate  for  this 
stage  of  the  disease  than  any  other  that  is  used  to  desig- 
nate this  disease,  but  unfortunately  this  term  usually 
refers  to  diseases  caused  by  a  different  class  of  fungi. 

GENERAL  APPEARANCE. 

See  Figure  i,  Plate  I. 

As  stated  above,  the  spots  usually  begin  as  very  mi- 
nute dots,  which  gradually  enlarge.  These  occur  most 
frequently  on  the  outermost  end  of  the  older  leaves. 
Usually  the  terminal  leaflet  is  more  involved  than  those 
near  the  stem,  but  fimally  all  of  them  become  diseased. 
By  looking  carefully  at  spots  involving  a  large  portion  of 
a  leaflet  it  will  be  noticed  that  more  or  less  of  concentric 
lines  occur  about  the  central  portion.  This  appearance 
is  not  common  to  amy  other  disease  of  the  tomato  that 
we  have  to  deal  with,  and  occurs  so  frequently  with  this 
particular  one  that  we  may  consider  it  a  good  diagnostic 
character.  Later  in  the  season,  as  the  disease  progresses, 
it  attacks  the  petioles  of  the  leaves  and  the  main  stalk 
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of  the  plant.  Under  these  conditions  the  tomato-growers 
usually  speak  of  it  as  "spot"  or  "black  spot,"  so  that  we 
have  at  least  four  different  common  names  by  which  this 
disease  is  designated.  The  growth  on  the  stem  is  so  well 
expressed  by  the  common  names  used  for  the  disease, 
that  it  is  not  necessary  here  to  describe  it  further.  At 
the  point  of  attack  the  epidenmis  of  the  plant  becomes 
dry  and  shrunken,  causing  the  spot  to  be  somewhat  de- 
pressed; as  they  become  more  numer4>us  and  increase  in 
size  they  may  encircle  the  entire  stem.  As  a  rule,  the 
greater  damage  is  done  by  the  fungus  destroying  the 
leaves  and  by  the  time  the  disease  attacks  the  stem  the 
field  has  frequently  been  rendered  worthless. 

HOW  THE  DISEASE  IS  DISSEMINATED, 

The  disease  is  the  result  of  the  attack  of  a  micro- 
scopic plant  known  by  the  name  given  above.  This  plant 
develops  rapidly  within  the  tissues  of  its  host — the  toma- 
to or  potato  plant  Later  it  produces  spores  which,  when 
mature,  become  detached  and  may  be  carried  from  one 
plant  to  another  by  the  wind,  or  by  the  laborers  working 
in  the  field,  or  a  person  walking  from  a  diseased  field  to 
one  that  is  not  affected.  Again,  the  distance  to  which  the 
wind  could  disseminate  this  disease  would  vary  with  the 
conditions. 

REMEDY. 

All  the  various  kinds  of  fungicides  may  be  used  with 
more  or  less  benefit  in  connection  with  this  disease,  but 
the  favorite  remedy,  because  of  its  efficiency  and  cheap- 
ness, is  Bordeaux  mixture.  In  every  case  where  this 
substance  has  been  applied  carefully  and  has  been  made 
properly  it  has  given  satisfaction.  Several  tomato-grow- 
ers have  had  difficulty,  but  on  inquiring  carefully  into 
the  trouble  it  was  found  to  be  their  own  fault  Two 
cases  are  distinctly  in    mind    where    air-slacked    lime 
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had  been  used  in  place  of  the  caustic  lime.  Another 
case  is  in  mind  where  the  Bordeaux  mixture  had  been 
properly  prepared  but  it  did  not  seem  to  give  relief.  On 
entering  the  field  it  was  very  evident  that  the  applica- 
tion had  been  so  light  that  only  a  very  small  portion  of 
the  foliage  had  been  protected.  In  this  connection,  it 
should  be  remembered  that  no  fungicide  is  a  REMEDY 
in  the  strict  sense  of  the  word,  it  is  merely  a  PREVEN- 
TIVE. This  form  of  copper  is  poisonous  to  the  delicate 
tissues  of  the  fungus  but  not  poisonous  to  the  more  hardy 
tissues  of  the  tomato  plant.  As  this  fungus  lives  by  en- 
tering the  tissues  of  the  tomato  plants  it  will  be  at  once 
understood  that  the  copper  salts  must  be  present  to  de- 
stroy the  fungus  or  else  it  will  enter  the  tissues  of  the 
tomato  plants  and  cause  the  disease.  In  a  diseased  field 
there  are  present  millions  of  spores  which  are  constantly 
being  blown  about  from  one  place  to  another  and  light- 
ing on  almost  every  inch  of  space.  Now  if  there  be  any 
portion  of  the  tomato  plant  that  contains  no  trace  of  Bor- 
deaux mixture  and  a  spore  falls  upon  this  place  it  is  just 
as  liable  to  cause  the  disease  as  if  the  Bordeaux  mix- 
ture had  not  been  in  the  field  at  all.  The  above  brief 
statement  will  be  sufficient  for  the  thoughtful  man  to 
understand  that  it  is  absolutely  necessary  to  apply  the 
mixture  thoroughly,  and  since  the  Bordeaux  mixture  has 
no  bad  effect  upon  the  tomato  plants,  the  grower  need 
not  be  apprehensive  of  making  the  application  too  heavy. 
Bordeaux  mixture  is  used  in  two  different  forms  in 
Florida,  the  wet  and  the  drv.  The  former  has  the  advant- 
age  in  covering  the  plants  thoroughh'  and  that  it  may  be 
applied  during  the  day.  The  dry  Bordeaux  mixture  must 
be  applied  while  dew  is  on  the  plants  and  while  no  wind 
is  blowing.  It  has,  however,  the  advantage  of  being  much 
more  easily  applied.  On  Terra  Ceia  Island  many  tomato- 
growers  have  been  successful  with  the  dry  Bordeaux 
mixture.   From  other  places  we  have  reports  of  failures. 
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Our  own  tests  indicate  that  the  wet  Bordeaux  mixture 
is  preferable  to  the  dry  Bordeaux. 

WHEN  TO  SPRAY.  The  amount  of  damage  that 
the  disease  does  varies  greatly  with  the  conditions  of  the 
weather.  During  a  very  moist,  warm  season  the  disease 
spreads  with  alarming  rapidity,  while  during  dry,  cool 
weather  it  makes  little  progress.  It  is  better,  however, 
to  anticipate  the  disease  by  spraying  for  it  before  it  ap- 
pears in  the  field  tham  to  wait  until  it  has  done  a  great 
deal  of  damage  before  applying  the  remedy.  Frequently 
the  disease  is  present  in  the  seed-bed;  many  tomato- 
growers,  therefore,  begin  spraying  plants  in  the  seed- 
bed and  continue  the  work  after  they  are  set  to  the  field. 
The  time  to  spray  the  seed-bed  will  vary  with  the 
conditions,  but  it  is  a  highly  commendable  practice  to 
give  the  plants  one  or  two  thorough  sprayings  at  least 
before  they  are  set  to  the  field.  \\T)ile  this  can  do  no 
harm,  it  does  a  great  deal  of  good  other  than  preventing 
the  black  rot 

The  number  of  times  to  spray  the  field  will  vary 
with  the  conditions  of  the  weather.  If  the  plants  are 
growing  rapidly  and  we  are  having  a  moist  season,  it  may 
be  necessary  to  spray  as  often  as  twice  a  week.  If,  on 
the  other  hand,  the  weather  be  dry  with  little  dew,  it  will 
probably  not  be  necessary  to  spray  oftener  than  every 
two  weeks. 

How  TO  Make  Bordeaux  Mixture — Solution  No,  x :  Copper  Sulphate  (Blue 
Stone)  6  pounds ;  Water,  50  gallons.  Solution  No.  a :  Caustic  Lime  (Quick  Lime;  4 
pounds ;  Water,  50  gallons. 

It  is  advisable  to  have  three  kerosene  barrels  of  about  fifty  gallons  capacity  in  the 
field.  Dissolve  6  pounds  of  Copper  Sulphate  in  a  barrel  of  water  (50  gallons).  The  Cop- 
per Sulphate  will  be  dissolved  slowly  in  cool  water  if  it  be  suspended  near  the  top  of  the 
barrel  in  a  feed  sack  or  other  coarse  cloth.  If  it  is  desirable  to  dissolve  it  quickly,  this 
may  be  done  by  placing  it  in  a  barrel  and  pouring  on  it  hot  water.  After  the  6  pounds  of 
Copper  Sulphate  have  been  dissolved  the  barrel  may  be  filled  to  the  50-gallon  mark.  Tin 
or  iron  vessels  should  not  be  used  in  connection  with  Bordeaux  mixture  or  the  Copper 
Sulphate  solution  ;  always  use  copper  or  wooden  vessels. 

Slack  the  4  pounds  of  lime  in  just  enough  water  to  cover.  Be  careful  to  stir  it  well 
and  see  that  it  does  not  burn  dry.  This  is  best  done  in  a  wooden  vessel,  as  there  is  con- 
siderable heat  generated  by  the  lime  in  slacking.  If  the  stone  from  which  the  lime  is 
made  contains  much  sand  it  will  be  necessary  to  increase  the  number  of  pounds  of  lime 
used.  If  there  be  a  quantity  of  air-slacked  lime  present  also  it  will  be  better  to  reject  this 
and  simply  use  the  part  that  has  not  been  air-slacked.  After  the  lime  has  been  slacked 
add  water  to  make  50  gallons. 

Stir  the  Copper  Sulphate  solution  (No.  1)  thoroughly  and  take  out  about  one-half 
as  much  as  the  spraying  apparatus  will  hold.  Pour  this  m  third  barrel,  then  stir  the  lime 
water  thoroughly  and  take  out  just  as  much  lime  water  (No.  2)  as  copper  sulphate  solution 
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BACTERIAL  BLIGHT. 

BaciUus  SolaiuieeaTum,  Hroith. 

The  disease  of  the  tomato  plant  caused  by  bacteria 
lias  been  known  for  some  time,  but  it  was  not  until  the 
Fall  of  1896  that  a  complete  study  of  the  organism  was 
published.  As  early  as  1892  Dr.  Halstead,  of  the  New 
Jersey  Experiment  Station,  published  a  bulletin  on  the 
work  he  had  done  upon  the  tomato  blight  in  Mississippi. 
This  seems  to  be  the  only  definite  report  that  we  have 
upon  it  up  to  the  time  that  Dr.  Smith  made  the  re- 
port mentioned  before.  On  page  37  of  Bui.  No.  21,  men- 
tion is  made  of  some  obscure  disease  in  various  sections 
of  the  State.  It  seems  quite  probable  that  this  disease 
was  the  same  upon  which  Dr.  Smith  reported  later,  but 
actual  work  was  not  begun  upon  it,  so  it  is  not  certain 
that  the  two  diseases  were  identical.  Up  to  1897  this  dis- 
ease had  not  been  reported  definitely  from  Florida,  but 
during  that  year  a  number  of  specimens  have  been  sent 
to  the  Experiment  Station  which  seem  to  be  this  disease 
beyond  a  doubt. 

DESCRIPTION. 

The  symptoms  of  this  disease  are  very  similar  to 
those  produced  by  the  fungus  blight.  This  is  not  sur- 
prising after  microscopic  study  of  the  affected  tomato 
plant  has  been  made.  In  the  case  of  the  fungus  blight 
it  cuts  off  the  conductive  systems  so  that  the  mois- 
ture cannot  be  conveyed  from  the  roots  to  the  leaves.  In 
the  case  of  the  bacterial  blight  these  same  tissues  of  the 
tomato  plant  are  filled  with  bacteria  and  a  gummy  sub- 
stance produced  by  them.  It  is,  therefore,  not  surprising 
that  two  diseases  which  have  their  origin  in  two  differ- 
ent agents  should  show  symptoms  somewhat  alike. 


already  taken,  pour  this  into  the  third  barrel  and  stir  the  two  together  immediately  and 
briskly  for  a  minute  or  two.  You  will  then  have  formed  a  greenish-colored  substance, 
which  is  Bordeaux  mixture.  Put  into  the  spraying  pump  and  apply  at  once.  Bordeaux 
mixture  is  not  so  good  after  it  has  settled,  and  ofter  it  is  twenty-four  hours  old  it  had  bet- 
ter be  poured  away  and  fresh  Bordeaux  made.  The  lime  water  and  copper  sulphate  solu- 
tion may  be  kept  separately  for  an  indefinite  time  without  deterioration. 
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The  first  indications  of  the  disease  are  the  wilting 
of  the  leaf,  a  shoot,  or  in  severe  cases  the  whole  plant 
may  wilt.  Asa  rule,  this  does  not  attract  attention  un- 
til many  plants  are  attacked  and  the  disease  has  made 
considerable  progress.  When  the  plant  attacked  is 
young,  the  leaves  wilt,  the  stem  shrivels,  dries  up,  stand- 
ing in  its  place.  Older  plants,  especially  those  that  are 
bearing  marketable  tomatoes,  do  not  die  so  quickly  and 
show  the  disease  by  a  yellowing  of  the  affected  leaves, 
or  a  partial  dying  of  the  affected  shoot;  finally  the  whole 
plant  is  involved  and  dies.  The  disease  spreads  most 
rapidly  in  fields  where  the  vines  grow  luxuriantly  and 
nearly  cover  the  ground.  Beside  the  above  symptoms 
one  will  find  more  or  less  dark  matter  deposited  in  the 
vascular  tissues  of  the  petiole  or  of  a  stem.  This  sub- 
stance may  be  observed  to  best  advantage  in  leaves  that 
have  yellowed  or  shown  the  disease  for  some  time.  The 
petiole  or  the  stem  should  be  cut  across  with  a  sharp 
pocket  knife  and  the  dark  matter  will  be  seen  deposited 
in  more  or  less  of  a  circle  some  distance  from  the  centre. 
(See  pg.  11,  Bui.  No.  12,  Div.  V.  P.  &  V.  P.) 

PLANTS  AFFECTED. 

Beside  the  tomato,  eggplants  and  Irish  potatoes  are 
subject  to  this  disease.  Among  the  wild  plants  that  are 
affected  by  it  we  have  the  Jamestown  weed  (Datura  stra- 
monium), Black  Nightshade  (Solanum  nigrum)^  Physalis 
crassifolia,  Physalis  philadelphica.  Jamestown  weed  and 
Black  Nightshade  are  probably  the  only  ones  that  occur 
in  sufficient  abundance  in  our  State  to  be  worthy  of  note. 
It  may  be  that  after  more  study  has  been  put  upon  the 
disease,  a  number  of  those  plants  will  be  added  to  these, 
but  is  is  not  probable  that  it  will  affect  any  other  of  our 
cultivated  crops. 

GEOGRAPHICAL  DISTRIBUTION. 
The  disease  was  first  studied  from  Charleston,  S-  C, 
and  is  known  to  exist  in  Alabama,  Washington,  and  Dr. 
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Smith  thinks  it  probable  that  it  occurs  as  far  North  as 
New  York.  That  the  disease  is  not  indigenous  to  Flor- 
ida I  think  is  evident  from  the  fact  that  it  rarely  occurs 
in  new  portions  of  the  State  until  after  vegetables  have 
been  grown  for  two  or  three  years.  The  loss  from  this 
disease  varies  from  a  few  plants  to,  at  times,  every  plant 
in  small  areas — ofttimes  amounting  to  as  much  as  80 
per  cent,  to  90  per  cent,  of  the  whole  field.  There  seems 
to  be  no  special  preference  for  either  high  or  low  land 
and  from  the  nature  of  the  disease  we  would  not  look 
for  any  difference  because  of  location  or  difference  in 
condition  of  soil. 

TREATMENT. 

Dr.  Smith,  in  his  admirable  work  on  this  disease, 
has  shown  very  clearly  that  this  disease  is  disseminat- 
ed by  insects.  The  following  quotation  is  taken  from  his 
bulletin  in  full,  a  copy  of  which  may  be  secured  by  any 
one  who  will  send  a  money  order  for  ten  cents  to  G.  H. 
Hill,  Superintendent  of  Public  Documents,  Washington, 
D.  C,  with  the  request  that  Bui.  No.  12,  by  Dr.  E.  F. 
Smith,  of  the  Division  of  Vegetable  Physiology  and 
Pathology,  be  sent. 

NATURAL  METHODS  OP  INFECTION. 

In  the  green  house,  under  strict  control  of  conditions,  the 
writer  has  been  very  successful  in  transmitting  the  disease  by 
means  of  the  Colorado  potato  beetle  (Doryphora  decemlineata.) 
The  firet  experiment  was  begun  July  23rd,  1896.  A  handful  of 
beetles  was  placed  under  a  bell  Jar  on  potato  tops  taken  from 
plants  inoculated  July  16th.  These  tops  had  wilted  and  were 
becoming  brown.  The  beetles  fed  upon  them  as  readily  to  all 
appearances  as  upon  healthy  shoots.  They  were  then  placed  for 
some  hours  under  a  large  bell  Jar  on  a  well-grown  healthy  plant. 
This  plant  was  eaten  In  many  places,  but  was  not  seriously 
injured.  The  beetles  were  then  removed  and  the  plant  was 
placed  under  normal  conditions  to  await  developments.  On  the 
eighth  day  there  were  slight  indications  of  wilt  cm  a  dozen  dif- 
ferent leaves  scattered  over  the  plant,  indicating  as  many  sep- 
arate infections.    The  weather  was  warm     and  after  a  day  or 
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two  these  symptoms  progressed  rapidly.  The  wilting  leaves 
shriveled  and  in  a  few  days  long  brown  streaks  appeared  Inside 
of  the  stems,  beginning  usually  at  the  base  of  the  shriveled 
leaves.  In  ten  days  from  the  appearance  of  the  first  symptoms 
the  whole  vine  was  involved,  all  the  leaves  wilted  and  shriveled, 
and  the  stems  became  muddy  green,  blackened  in  stripes  inter- 
nally, and  finally  shriveled.  Gross  sections  of  the  stem  showed 
the  vessels  to  be  gorged  with  bacillus.  On  August  24th  the 
earth  was  knocked  out  of  the  pot  and  the  pot  and  tubers  ex- 
amined.   These  were  found  in  all  stages  of  rot. 

Three  other  large,  well-grown  potato  plants  were  subse- 
quently inoculated  in  the  same  way  and  with  the  same  result. 
In  each  case  the  disease  began  simultaneously  in  many  differ- 
ent parts  of  the  vine,  seven  to  nine  days  after  the  beetles  w^ere 
removed,  and  the  tubers  were  rotted  in  whole  or  part  three 
weeks  after  the  appearance  of  the  first  symptoms  on  the  foliage. 
The  check  plants  remained  healthy. 

These  experiments  with  the  Colorado  potato  beetle  seem 
to  fully  warrant  the  conclusion  that  insect  enemies  are  largely 
responsible  for  the  spread  of  this  disease.  The  direct  injury 
resulting  from  their  bites  and  punctures  is  not  the  only  injury 
nor  the  worst  one.  Given  one  diseased  vine  in  a  field  and  plenty 
of  insects  to  feed  upon  it,  and  the  transmission  of  this  disease 
to  all  parts  of  the  field,  and  thence  to  the  whole  neighborhood, 
is  only  a  question  of  a  few  weeks. 

Just  what  Insects  are  most  instrumental  in  disseminating 
this  parasite  In  any  particular  locality  can  be  determined  only 
after  a  prolonged  and  careful  study  of  the  disease  in  the  field. 
No  experiments  have  been  made  with  other  Insects,  but  it  is 
likely  that  flea-beetles,  blister  beetles,  chrysomellds,  and  many 
other  leaf-eating  insects  may  act  as  carriers  of  the  disease. 

No  experiments  have  been  made  to  determine  whether  this 
bacillus  can  gain  entrance  to  the  plant  through  an  uninjured 
epidermis.  Most  of  the  infections  probably  occur  above  ground 
and  as  the  result  of  Insect  injuries.  Very  likely  there  are  some 
underground  infections. 

PREVENTIVE  MEASURES. 

The  prompt  destruction  of  all  leaf -eating  insects  and  leaf- 
puncturing  Insects  Is  one  of  the  first  things  to  be  considered. 
How  this  shall  be  accomplished  with  the  least  outlay  of  time 
and  money  is  a  matter  for  the  economic  entomologist  to  deter- 
mine. 
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Of  course  the  more  diseased  plants  in  a  field  at  any  given 
time,  the  more  possible  sources  of  infection.  For  this  reason 
diseased  plants  should  be  removed  and  burned  with  great  prompt- 
ness. This  is  impracticable  after  a  whole  field  has  become  in- 
fected, but  then  the  mischief  for  the  season  has  been  accom- 
plished. The  time  for  such  precautions  is  early  in  the  season, 
when  a  frequent  and  thorough  search  should  be  made  for  dis- 
eased plants.  This  can  be  carried  on  along  with  the  war  of  ox- 
termination  against  the  insect  depredators. 

When  the  disease  has  become  widespread  in  the  fields  of 
tomato  or  eggplants  there  is  no  help  for  it,  but  in  case  of  po- 
tatoes a  considerable  part  of  the  tubers  may  be  saved  If  they 
are  dug  immediately  and  stored  in  a  cold,  dry  place.  Delay  in 
harvesting  of  the  tubers  for  any  length  of  time  after  the  vines 
have  shriveled  means  simply  the  infection  of  all  the  tubers  and 
the  loss  of  the  whole  crop,  either  In  the  ground  or  afterward© 
in  the  cellar. 

This  disease  sometimes  appears  on  new  ground— i.  e., 
ground  recently  cleared,  and  occasionally  to  such  an  extent  as  to 
lead  growers  to  suspect  the  seed.  The  seed,  however,  is  not 
necessarily  the  carrier  of  the  disease,  since  beetles  with  the 
germs  on  their  Jaws  can  readily  fly  from  one  field  to  another. 
Such  an  explanation  of  the  disease  doea  not,  however,  preclude 
the  possibility  of  the  germ  being  permanently  at  home  In  cer- 
tain soils,  or  of  its  being  spread  by  seeds  or  infected  seed  po- 
tatoes. However  this  may  be,  the  organism  probablv  llve«  over 
winter  In  the  earth  of  the  potato  and  tomato  fields,  and  there- 
fore such  Infected  soils  should  be  planted  to  other  crops  for  a 
series  of  years  before  again  venturing  these  two  crops  or  any 
other  solanaceous  plants  known  to  be  subject  to  the  disease. 

To  recapitulate,  prevention  of  this  disease  lies  in  the  di- 
rection  of  the  prompt   carrying  out    of  the   following  measures: 

(1)  Early  and  complete  destruction  of  insect  pests; 

(2)  Early  and  complete  removal  of  diseased  vines; 

(3)  In  case  of  the  potato,  the  prompt  digging  of  the  tubers- 
and  their  immediate  use  or  storage  In  a  cold,  dry  place; 

(4)  Selection  of  land  for  subsequent  planting  which  has 
not  been  planted  In  tomatoes,  eggplants,  or  potatoes  for  several 
years; 

(5)  Selection  of  tomato  and  eggplant  seeds  and  potato- 
tubers  from  plants  grown  in  localities  where  this  disease  doea 
not  prevail. 
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BBSULTS  OP  EXPERIMENTS  TO  PREVENT  THIS  BLIGHT. 


Relation  op  Fertilizer  to  Blight. 

The  work  on  this  subject  was  begun  last  year  by 
putting  a  block  of  plants  on  highly  fertilized  land  and 
another  block  adjoining  this  on  land  that  had  not  been 
fertilized  for  the  tomatoes.  The  two  blocks  stood  out 
in  striking  contrast  in  regard  to  the  growth  of  tomato 
plants,  but  so  far  as  the  blight  was  concerned  no  ap- 
preciable difference  could  be  noted.  On  healthy,  vigor- 
ous growing  plants  the  blight  seemed  to  work  a  little 
more  vigorously  than  on  small,  stunted  ones,  but  as  all 
plants  on  both  lots  succumbed  to  the  blight,  we  could 
not  sav  that  either  the  fertilized  or  the  unfertilized 
plots  had  any  advantage.  The  unfertilized  plot  matured 
no  fruit,  while  the  fertilized  plot  did  mature  a  few  to- 
matoes. This,  of  course,  is  an  important  difference 
when  it  comes  to  raising  tomatoes  for  market,  but  the 
I)oint  to  be  settled  here  was  simply  to  find  out  whether 
there  was  any  advantage  in  fertilizing  or  not  fertilizing 
as  regards  the  blight. 

This  year  fourteen  1-100  acre  plots  were  set  aside 
and  treated  with  various  forms  of  fertilizers.  Plots  1, 
7,  8  and  14  were  left  unfertilized  as  checks.  In  plots 
2,  3,  4,  5,  6,  9,  10,  11,  12  and  13  various  formulas  of 
fertilizers  were  used.  Five  different  kinds  of  potash- 
kainit — low  grade  sulphate,  high  grade  sulphate,  muri- 
ate and  carbonate  were  used  as  sources  of  potash. 
By  July  22nd,  three-fourths  of  the  plants  in  the  whole 
field  had  blighted.  The  census  of  the  different  plots  was 
then  taken  and  as  a  result  it  was  found  that  no  one 
form  of  potash  had  any  perceptible  advantage  over  any 
other  form.  The  fertilizer  was  applied  very  liberally, 
at  the  rate  of  about  four  tons  to  the  acre,  but  as 
the  season  was  unusually  dry,  the  material  was  used  up 
somewhat  gradually,  and  doubtless  a  large  proportion  of 
it  is  still  in  the  soil  unused. 
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As  a  result  of  the  tests  of  various  fertilizers,  it  may 
be  aflSrmed  : 

(1)  That  no  one  form  of  potash  is  perceptibly  bet- 
ter than  another. 

(2)  That  bone  phosphate  is  no  better  than  acid 
phosphate. 

(3)  That  one  source  of  ammonia  is  as  good  as  an- 
other. 

(4)  That  a  fertilizer  which  tends  to  produce  a 
strong  woody  stem  should  be  used;  on  the  contrary  one 
that  produces  rapid  growth  and  succulent  stem  should 
be  avoided. 

Relation  op  Varieties  to  Blight. 

During  last  year's  experiments  with  blight  on  the 
Experiment  Station  grounds,  Red-field  Beauty  was 
used  and  in  only  one  case  a  plant  was  noted  that  seem- 
ed to  resist  the  blight  when  all  others  about  it  had 
been  destroyed.  Seed  from  this  plant  was  carefully 
saved  and  further  work  is  in  progress  in  this  particu- 
lar line.  This  year's  seed  of  over  fifty  varieties  which 
was  generously  donated  by  A.  W.  Livingston's  Sons 
has  been  tried.  Beside  these,  as  many  varieties  as 
could  be  obtained  reasonably  from  other  seedsmen  are 
also  being  used.  Among  the  quantity  of  trial  seeds 
that  were  sent  to  us  by  W.  A.  Burpee  there  are  three 
varieties  that  are  especially  blight  resisting.  Burbank's 
Preserving  is  a  small  tomato  about  the  size  of  a  large 
currant  or  a  large  cherry.  A  second  variety,  Dwarf 
Golden  Champion,  is  also  quite  resistant  to  this  dis- 
ease, but  this  also  is  a  tomato  which  cannot  be  recom- 
mended for  commercial  purposes,  since  the  fruit  is  yel- 
low ;  a  third  variety,  Ford  Hook  Fancy,  is  one  that  gives, 
a  great  deal  of  promise  in  securing  a  blight  proof  va- 
riety. While  the  blight  has  swept  away  all  of  Beauty, 
and  various  other  varieties  around,  only  one  plant  out 
of  five  (July  20)  of  Ford  Hook  Fancy  has  been  killed^ 
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The  disease  is  present  in  many  of  the  leaves  but  the 
germs  seem  to  be  unable  to  make  rapid  progress  as  they 
do  in  the  case  of  the  other  varieties  and  while  the  others 
have  died,  these  have  continued  to  give  us  crops  of  toma- 
toes. Some  of  these  plants  have  been  inoculated  by  the 
disease  for  over  four  weeks  and  seem  at  present  to  have 
entirely  overcome  the  diflSculty.  The  leaves  that  were 
blighted  have  dried  up  and  hang  useless  beside  the  plants 
but  new  leaves  have  formed  and  there  seems  to  be  no  ten- 
dency of  the  disease  to  spread  to  other  portions  of  the 
plant.  While  this  variety  leaves  many  things  to  be  de- 
sired for  a  commercial  crop,  it  is  still  an  important  ad- 
vance in  securing  varieties  that  will  be  excellent  for 
shipping  and,  at  the  same  time,  be  more  or  less  resistant 
to  the  blight. 

In  this  connection  it  may  be  interesting  to  note 
that  a  hybrid  between  the  tomato  plant  and  eggplant 
has  thus  far  been  resistant  to  the  blight,  while  both  of 
its  parents  are  very  susceptible  to  the  disease.  Possibly 
by  the  process  of  hybridizing  between  the  tomato  plant 
and  the  hybrid  mentioned  above,  plants  may  be  originat- 
ed that  will  reproduce  edible  fruits  and  at  the  same  time 
maintain  the  blight  resisting  qualities  of  the  hybrid. 

Spraying. 

From  the  nature  of  the  disease,  it  is  manifestly  use- 
less to  spray  with  fungicides  with  a  view  to  protecting 
the  plants  against  these  germs.  In  spite  of  this,  thor- 
ough work  with  Bordeaux  mixture  was  carried  on  last 
year  with  the  result  that  there  was  no  appreciable  dif- 
ference in  the  number  of  blight  plants  in  the  sprayed 
plots  and  the  unsprayed  ones.  The  insects  present  were 
nearly  all  plant  bugs  which  obtained  their  food  by  in- 
serting their  beaks  into  the  tissue  of  the  plant,  so 
that  Paris  green  could  not  be  used  in  combating  them, 
and  so  few  were  present  that  it  seemed  useless  to  spray 
with  insecticides  that  killed  by  contact 
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Distance  between  plants. 

A  considerable  advantage  may  be  obtained  by  hav- 
ing the  plants  far  apart  in  the  field.      Where  plants 
were  two  feet  apart  the  disease  spread  more  than  four 
times  as  rapidly  as  on  plots  where  the  plants  were  plac- 
ed four  feet  away.   After  the  blight  had  destroyed  all 
the  plants  on  the  plots  planted  two  by  two  feet,  more 
thanl-3d  of  the  plants  were  still  alive  on  the  plots  where 
the  plants  were  placed  4x4  feet   This,  of  course,  is  easily 
accounted  for  when  we  remember  that  insects  are  the 
main  carriers  of  the  disease  to  plants  and  also  that  there 
seems  to  be  a  chance  for  soil  infection,  so  that  the  plants 
in  the  close  fields  are  much  more  likely  to  *'take"  the  dis- 
ease from  one  another  than  they  are  in  fields  in  which  they 
are  planted  some  distance  apart.   If,  therefore,  we  have 
a  field  which  we  know  is  infested  with  diseased  plants 
and  must  plant  it  to  one    of  these   crops,  the  plants 
should  be  set  as  far  apart  as  conditions  will  permit. 

FUNGUS  BLIGHT  OF  THE  TOMATO. 

This  disease  of  the  tomato  has  been  studied  for  a 
number  of  years,  and  the  specific  organism  was  discov- 
ered about  six  years  ago,  but  up  to  the  present  the  con- 
ditions surrounding  it  have  been  such  as  do  not  permit 
it  to  be  classified  and  named  scientifically.  As  this  is 
immaterial,  so  far  as  the  economic  aspect  of  the  disease 
is  concerned,  not  much  time  has  been  lost  in  discover- 
ing this  point.  It  will,  however,  be  remembered  that 
fungi  belong  to  plants  of  low  order,  many  of  them  being 
microscopic  in  size,  though  others  grow  quite  large,  as 
in  the  case  of  toad  stools  and  mushrooms.  The  tomato 
blight  fungus  may  live  on  decaying  vegetable  matter 
and  upon  certain  living  plants.  There  seems  to  be  no 
special  limit  to  the  kind  of  decaying  vegetable  matter 
upon  which  it  can  subsist,  but  there  are  only  certain 
living  plants  which  are  attacked  by  it.     For  a  list  of 
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these  and  a  description  of  the  attacks  see  pages  38-47 
of  the  Annual  Report  for  1896. 

APPEARANCE  OP  THE  DISEASE. 

When  u  plant  is  affected  by  this  disease  a  single 
leaf  may  be  drooping  as  for  the  want  of  moisture.  This- 
may  become  distended  again  but  will  continue  to  droop 
from  day  to  day  as  the  disease  becomes  more  severe  un- 
til finally  no  amount  of  watering  will  cause  the  plant 
to  take  on  other  than  a  wilted  appearance.  In  severe 
cases  the  whole  plant  may  be  aiffected  in  this  way.  In 
less  severe  cases  only  one  or  two  branches  may  show  the 
symptoms 

A  plant  once  affected  by  this  disease  rarely  re- 
covers. Those  varieties  that  have  a  hard,  woody  stem 
are  less  susceptible  than  plants  with  succulent  stems. 
Vigorous  growing  plants  that  shade  the  ground  thor- 
oughly are  in  more  danger  of  attack  than  those  that 
permit  the  sun  to  shine  on  the  soil  about  the  stem  and 
the  air. to  circulate  under  the  foliage,  and  consequently 
plants  that  are  pruned  and  staked  are  less  liable  to  the 
fungus  blight  than  those  which  are  not  pruned  and 
staked. 

TREATMENT. 

As  the  fungus  passes  most  of  its  life  within  the 
soil  the  reader  will  at  once  understand  that  the  point 
of  attack  is  just  beneath  the  surface.  In  the  case  of 
eggplants  it  often  appears  as  though  some  insect  had 
entirely  girdled  the  plant  a  little  below  the  ground  level. 
The  thoughtful  reader  will  at  once  see  that  no  amount 
of  fungicide  applied  to  the  leaves  will  be  of  any  service. 
Consequently  the  material  should  be  applied  to  the 
ground,  say  for  about  six  inches  around  the  stem.  It 
is  also  advisable  to  spray  the  stem  of  the  plant.  Bor- 
deaux, although  one  of  our  most  efficient  remedies,  is 
found  decidedly  wanting  for  this  specific  disease.  This 
is  because  the  fungicidal  properties  are  present  in  the 
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form,  of  a  precipitate,  or  flocculent  masses,  which  are 
strained  out  by  the  surface  stratum  of  sand,  leaving  the 
inefficient  material  to  filter,  below  the  surface  without 
hurting  the  fungua  Consequently  we  should  use  potas- 
sium sulphide*,  Ammoniacal  solution  of  copper  carbo- 
nate** or  Eau  Celeste***.  The  first  named  fungicide  is 
recommended  only  for  home  use,  as  it  may  be  applied 
with  a  watering  pot  and  is  too  expensive  for  field  appli- 
cation. The  other  substances  should  be  applied  with 
spraying  apparatus. 

LEAF  BLIGHT. 

Cladaaporium  Fulvum.,  Cke. 

This  is  a  fungus  disease  of  the  tomato  that  rarely 
attacks  the  plant  during  our  shipping  season,  but  is 
rather  one  that  interferes  with  grow'ing  of  tomatoes  for 
home  use.  The  leaves  turn  yellow  in  spots  and  will  be 
found  to  be  more  or  less  dark  colored  on  the  lower 
side.  It  differs  decidedly  from  any  other  disease  with 
which  we  have  to  contend  in  this  State.   As  the  disease 


*  Potassium  Sulphide— Dissolve  two  ounces  of  potassium  sulphide  or  liver  of 
sulphur  in  a  gallon  of  water  and  apply  from  one-half  pint  to  a  quart  to  each  plant, 
depending  upon  the  size  of  the  plant,  being  careful  to  moisten  all  portions  of  the  soil 
where  vines  lie  upon  it.  It  should  be  remembered  that  this  is  advisable  only  for  home 
gardens,  as  it  is  too  expensive  for  use  in  the  field. 

**  Ammoniacal  Solution  or  Copper  Carbonate — Carbonate  of  Copper,  8 
ounces;  Ammonia  Water  (strength  a6  degrees  B),  3  pints.  How  prepared: 
Put  three  gallons  of  water  in  a  wooden  or  an  earthen  vessel,  pour  the  three  pmts  of 
ammonia  in  this,  and  stir  it  to  mix  the  two  evenly.  Take  eight  ounces  of  copper  carbonate 
and  shake  it  into  the  ammonia  water,  stirring  the  liquid  all  the  while.     If  a  considerable 

Sart  of  the  copper  carbonate  remains  undissolved,  the  liquid  may  be  set  aside  to  settle  •  if, 
owever,  all  or  nearly  all  of  the  copper  carbonate  is  dissolved,  more  of  it  should  be  added, 
in  the  way  described  above,  until  a  considerable  part  remains  undissolved  ■  then  it  is  set 
aside  as  stated  before.  After  the  solution  has  settled,  pour  off  the  clear  blue  liquid  into 
another  wooden  vessel.  The  undissolved  copper  corbonate  may  then  be  treated  with 
more  ammonia  and  water,  fresh  copper  carbonate  being  added  whenever  the  remaining 
portion  becomes  less  than  an  ounce.  If  the  solution  is  to  be  kept  for  more  than  a  day  it 
must  be  kept  tightly  corked. 

When  the  fungicide  is  to  be  used,  one  gallon  is  diluted  to  fifteen  or  twenty  of 
water.  (Peach  trees  and  eggplant  are  very  susceptible  to  scalding  by  chemicals,  hence 
fungicides  need  to  be  more  diluted  for  these.) 

The  stronger  ammonia  water  is  recommended  because  it  is  usually  more  economical 
to  buy  this  and  dilute  it  than  to  buy  lower  per  cent,  ammonia  water  and  pay  the  additional 
expenses  of  transportation. 

***  Eau  Celeste — Copper  Sulphate,  s  pounds;  Ammonia  Water  (strength  26 
degrees  B)  i  pints ;  Water,  50  gallons. 

Put  the  copper  sulphate  into  solution  in  a  small  quantity  of  water,  using  the  same 
precautions  as  in  preparing  this  for  Bordeaux  mixture.  When  ready  to  spray  add  three 
pints  of  ammonia,  stir  thoroughly,  dilute  to  fifty  gallons  and  apply.  This  is  a  very  cheap 
and  easily  made  fungicide,  but  it  is  liable  to  scald  the  foliage  of  some  plants,  especially 
eggplant. 
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progresses  the  leaves  become  more  and  more  yellow  and 
finally  the  whole  plant  may  become  involved  and  die  for 
the  want  of  leaf  surface-  As  a  rule,  however,  the  plants 
do  not  die,  but  continue  to  make  new  growth  and  sim- 
ply leave  the  lower  portions  of  the  stem  exposed.  When 
a  plant  is  pretty  badly  diseased  it  is  not  able  to  pro- 
duce tomatoes  but  spends  all  of  its  energy  in  making 
new  foliage,  which  in  turn  becomes  diseased  and  drops 
off. 

REMEDY. 

Thorough  sprayings  of  Bordeaux  mixture  (see  foot 
note  page  127)  will  protect  the  new  leaf  area  and  prove 
an  efficient  check.  The  spraying  should  be  repeated 
every  week  or  so.  If  the  rains  are  heavy  and  abundant, 
the  spraying  should  be  more  frequent. 

DAMPING  OFF. 

Damping  Off  is  a  term  used  to  designate  a  disorder 
among  seedlings  either  in  the  field  or  in  the  plant-bed. 
It  is  characterized  by  the  falling  over  of  an  apparently 
healthy  plant,  and  at  first  sight  it  looks  as  if  the 
plant  had  recently  been  cut  off.  So  striking  is  this  ap- 
pearance that  the  gardener  in  most  cases  credits  flea- 
beetles  or  cut  worms  with  the  mischief.  A  little  closer 
observation,  however,  will  reveal  the  fact  that  the  plant 
is  not  cut  off  but  still  hangs  by  the  epidermis  to  its 
root.  By  examining  it  under  the  microscope  or  hand  lens 
one  may  see  that  the  interior  of  the  stem  of  the  seed- 
ling has  been  quite  decomposed,  just  at  the  ground  level, 
leaving  the  top  too  heavy  to  be  supported. 

The  agents  that  cause  this  damping  off  are  several 
species  of  fungi  which  are  present  in  the  soil  and  usual- 
ly live  normally  upon  decaying  vegetable  matter,  but  are 
able  to  invade  the  tissues  of  seedlings.  As  the  condi- 
tion which  determines  the  presence  of  these  fungi  and 
the  remedy  for  them  are  practically  the  same  for  all 
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the  species  we  will  not  concern  ourselyes  with  the  scien- 
tific distinction  of  them,  bnt  will  rather  proceed  to  the 
practical  way  of  preventing  the  damage  done  by  them. 

REMEDY. 

Since  these  fungi  are  indigenous  to  our  State  care 
should  be  taken  not  to  include  them  with  the  material 
used  for  the  plant-bed.  It  is  a  very  common  practice  to 
gather  up  leaf  mold  and  such  other  material  as  may  oc- 
cur in  hammocks  and  use  this  for  the  soil  of  plant- 
beds,  but  this  material  is,  in  many  cases,  severely  in- 
fected with  one  or  the  other  of  the  damping  off  fungi, 
consequently  it  is  advisable  to  compost  this  with 
the  proper  amount  of  fertilizer  and  allow  it  to  remain 
in  a  moist  condition  for  six  weeks  or  two  months  before 
using  in  a  plant-bed,  or  make  a  plant-bed  of  garden  soil 
and  the  proper  amount  of  fertilizer. 

After  damping  off  has  made  its  appearance  in  a 
plant-bed  water  should  be  withheld  as  much  as  possible 
and  only  applied  during  the  mid-portion  of  the  day,  say 
from  10  o'clock  in  the  morning  to  2  o'clock  in  the  after- 
noon, as  there  is  no  danger  of  scalding  the  tomato  plants 
by  watering  at  this  time.  Then  the  surface  should  be 
worked  to  a  depth  of  an  inch  or  two  with  some  small 
tool,  such  as  a  table  fork.  This  breaks  the  soil  up  and 
lets  it  dry  out  well  at  the  surface,  killing  much  of  the 
fungus  that  may  be  present  Then  the  plant-bed  should 
be  as  thoroughly  ventilated  as  possible,  all  obstructions, 
such  as  frames  or  plant  cloths,  be  removed,  that  the  sun 
may  have  a  chance  to  shine  upon  the  ground  as  much 
as  possible,  and  the  air  to  circulate  and  help  to  dry  the 
surface.  If  rains  occur,  the  plants  should  be  protected 
and  this  run  off.  If  too  much  water  has  been  applied  a 
part  of  this  may  be  absorbed  by  using  dry  sand,  sprink- 
ling it  among  the  seedlings.  During  the  rainy  season  it 
will  be  necessary  to  get  this  from  under  buildings  oi 
have  it  piled  for  that  purpose. 
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When  the  beds  have  been  put  into  the  best  sani- 
tary condition  possible,  as  a  further  preventive  from 
having  the  fungus  to  spread,  it  may  be  necessary  to  re- 
move many  plants  from  the  seed-bed  so  that  the  nearest 
shall  be  at  least  an  inch  apart,  and  then  continue  to 
draw  out  the  plants  as  they  begin  to  shade  the  ground. 
While  this  transplanting  will  retard  the  growth  of  the 
seedlings  somew^hat,  they  will  be  found  to  make 
a  much  better  root  system  than  those  that  have 
not  been  transplanted,  and  in  the  end  be  really  better 
plants  to  set  out  than  those  that  have  not  been  trans- 
planted. Under  ordinary  circumstances  these  transplant- 
ed plants  will  produce  fruit  in  the  field  in  less  time  than 
those  that  have  not  been  transplanted  in  the  seed-bed. 

Mild  fungicides,  such  as  sulphur  spray,  may  also  be 
used  to  advantage.  Eau  Celeste  or  copper  sulphate,  if 
used  at  all,  should  be  applied  cautiously,  as  they  seem 
to  be  quite  caustic  to  seedlings.  Probably  one  or  two 
sprayings  of  Bordeaux  mixture  would  not  hurt  the  seed- 
lings much,  but  a  frequent  repetition  of  it  has  been 
found  to  be  detrimental.  Sulphur  spray  may  be  used 
every  other  day,  however,  without  any  perceptible  dis- 
advantage. 

TOMATO  WOKM,  BOLL  WORM,  CORN  WORM,  BUD 

WORM,  ETC. 

Heliothis  Armigera,  Hubn. 

See  Figure  2,  Plate  I. 

This  exceedingly  troublesome  insect  has  been  de- 
scribed several  times  and  several  practical  reme- 
dies are  offered,  but  still  it  continues  to  destroy  large 
quantities  of  tomatoes,  and  other  products,  yearly.  Page 
19,  Bui.  No.  23,  gives  a  somewhat  detailed  account  of 
this  pest,  also  a  brief  statement  of  its  natural  enemies 
and  remedies.  On  page  309,  Bui.  No.  34,  there  is  a  full 
discussion  of  its  life  history,  with  figures  of  the  insect  in 
various  stages  of  its  development.     The  accompanying 
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figures  are  the  same  as  those  used  in  Bui-  34.  This  bul- 
letin also  contains  suggestions  as  to  remedies  for  this 
insect 

The  numerous  inquiries  regarding  this  insect  that 
have  been  received  at  the  offices  during  the  year  con- 
vince us  that  it  will  not  be  out  of  place  to  give  here  a 
brief  statement  as  to  what  remedies  have  been  found 
practicable  in  controlling  the  pest. 

REMEDY. 

In  Florida  this  insect  is  constantly  in  an  active  state, 
there  being  only  a  very  short  time  during  the  winter,  at 
best,  when  they  are  not  feeding  actively  upon  our 
crops.  Fields  that  are  known  to  be  badly  infested  with 
the  boll  worm  will  be  greatly  helped  by  spraying  the  to- 
mato plants  with  Paris  green  about  the  time  the  blos- 
soms begin  to  appear,  and  then  again  in  two  weeks.  The 
young  boll  worms  that  are  active  at  this  time  of  year 
being  unable  to  find  tomatoes  to  eat  into,  feed  in  the  buds 
of  the  plants.  Special  care  should  be  taken  to  get  the 
poison  well  into  the  buds  of  the  tomato  plants. 

As  soon  as  the  tomatoes  have  attained  the  size  of 
a  black  walnut  the  worm  eats  into  them  and  remains 
there  feeding  on  the  soft  tissues.  From  this  on  it  will  be 
useless  to  use  Paris  green  or  any  other  poison,  and  there 
seems  to  be  but  one  remedy  that  has  been  put  into 
practical  application  by  a  number  of  tomato  growers. 
In  cultivating  the  tomato  fields  careful  observation 
should  be  made  continually  to  detect  any  worm-eaten 
tomatoes  that  may  occur.  As  soon  as  these  are  found  to 
be  present  in  the  fields  laborers  should  be  sent  through 
to  pick  all  wormy  tomatoes.  These  tomatoes  may  then 
be  brought  from  the  field  and  fed  to  domestic  animals, 
or  they  should  be  buried  in  a  pit  and  covered  with  at 
least  18  inches  of  soil.  If  the  soil  be  only  five  or  six 
inches  deep  there  is  some  danger  of  the  insect  crawling 
out  after  it  has  passed  through  its  life  cycle  and  has 
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become  a  moth.  During  the  picking  season  all  wormy 
tomatoes  should  be  gathered  up  as  carefully  as  though 
they  were  worth  more  than  the  ripe  ones,  and  these 
brought  to  some  place  where  they  can  be  either  fed  or 
put  into  a  pit  as  described  above.  As  the  life  cycle  of 
one  of  these  insects  is  about  30  days,  and  each  moth  may 
lay  as  high  as  500  eggs,  we  will  see  that  to  let  one  sin- 
gle worm  escape  in  the  early  part  of  the  season  means 
the  destruction  of  from  500  to  600  tomatoes  30  days  later. 
It  will  not  require  a  mathematician  to  ascertain 
that  Only  a  few  worms  in  the  beginning  of  the  season 
may  cause  a  wholesale  destruction  of  tomatoes  two  or 
three  months  later.  The  plan  of  gathering  wormy  to- 
matoes has  been  carried  out  repeatedly  and  in  no  case 
has  any  one  spoken  of  it  in  any  other  way  than  com- 
mendably. 

If  this  process  of  destroying  the  larvae  should  be  car- 
ried out  systematically  for  a  number  of  years  it  will  give 
great  relief  to  the  tomato  and  other  vegetable  fields. 

PHYTOPTOSIS. 

Phytoptus  Calcladophora,  NaL 

Sec  Figure  3,  Plate  I. 

This  disease  is  very  frequently  referred  to  as  mold 
and  white  mold,  but  as  it  is  caused  by  an  insect  mite, 
and  mold  always  refers  to  a  vegetable  growth,  these 
terms  are  misnomers  and  should  not  be  continued, 
though  they  may  be  more  or  less  descriptive  of  the  dis- 
order. This  insect  mite  is  closely  related  to  the  one  that 
causes  rusting  of  oranges.  The  growing  bud  of  the  plant 
is  usually  the  first  to  be  attacked;  soon  the  fruit 
buds  are  attacked,  causing  white  hairs  to  grow 
out  from  the  epidermis  (see  figure  3,  plate  I).  In  severe 
cases  these  false  hairs  become  so  dense  that  it  appears 
felty.  Since  this  disturbance  is  confined  to  the  buds  and 
^  rapidly  growing  portions  of  the  plant,  the  tomato  grow- 
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ers  will  have  no  difficulty  in  distinguishing  this  from 
any  other  disease.  It  is  especially  noticeable  in  the  early 
morning  and  late  evening,  when  the  sun  is  near  the  hori- 
zon, causing  a  peculiar,  ashy-white  appearance  of  the  af- 
fected plants  This  is  visible  at  a  distance  of  several 
rods. 

DISTRIBUTION. 

In  America  this  mite  seems  to  be  confined  to  Flor- 
ida. A  disease  which  is  doubtless  the  same  has  been  re- 
ported from  Spain  and  Italy,  but  there  is  no  authorita- 
tive statement  at  hand  which  says  that  this  partic- 
ular species  of  phytops  (Phytoptus  calcladophora  Nal) 
is  the  cause  of  the  disease,  but  since  this  species  of 
mites  occurs  in  Southern  Europe,  it  may  be  the  author 
of  that  disease  also. 

REMEDIES. 

Immediately  upon  the  discovery  of  the  cause  (1893) 
various  experiments  were  put  in  progress  to  test  the 
value  of  different  iuf-ecticides.  Plots  in  an  infested  to- 
mato /ield  were  treated  with  a  number  of  insecticides 
and  fungicides.  While  no  decisive  results  were  obtained 
with  it,  some  information  was  gained  as  to  the  direction 
in  which  to  experiment.  Remembering  that  sulphur 
spray  was  an  excellent  remedy  for  rust  mite  of  the 
orange  (Phytoptus  citri),  experiments  in  this  line  were 
continued,  with  the  result  that  next  vear  a  most 
satisfactory  remedy  was  found  in  sulphur  spray.  After- 
wards it  was  found  that  flowers  of  sulphur  sprinkled  on 
the  plants  was  also  very  efficacious.  Last  year  several 
tomato  growers  were  advised  to  mix  the  sulphur  spray 
witb  Bordeaux  mixture.  Others  were  asked  to  try  flow- 
ers of  sulphur.  All  of  th(Jse  who  have  reported  upon 
this  experiment  believe  that  these  substances  are  just 
as  good  with  Bordeaux  mixture  as  when  applied  separ- 
ately. Where  phytoptus  is  the  only  disease  to  be  treat- 
ed it  will  be  found  economical  to  apply  flowers  of  sul- 
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phur  with  a  powder  gun.  (See  page  247,  Bui.  34,  Fla. 
Exp.  Station.) 

KOOT-KNOT. 

Hederodera  Radidcola. 

This  disease  is  so  well  described  by  the  term  root- 
knot  that  it  is  scarcely  necessary  to  go  into  a  lengthy 
discussion  of  its  general  appearance.  The  disease  rarely 
occurs  in  new  fields  and  not  always  in  old  ones,  but  as 
a  great  many  plants  are  infested  by  this  microscopic 
worm  it  has  been  disseminated  to  most  cultivated  fields. 
The  tomato  plant  is  quite  severely  attacked  by  it.  Near- 
ly every  one  is  familiar  with  the  fact  that  plants  belong- 
ing to  the  bean  and  pea  family  are  more  or  less  subject 
to  its  attack.  The  cow-pea,  velvet  bean  and  beggar  weed 
are  our  best  nitrogen-gathering  plants,  and  these  at  the 
same  time  are  often  attacked  by  this  microscopic  worm. 
So  it  is  often  a  puzzling  question  what  one  shall  do 
with  a  field  after  the  tomatoes  have  been  marketed. 

REMEDY. 

If  the  field  is  known  to  be  infested  by  root-knot  all 
the  tomato  vines  should  be  gathered  immediately  after 

the  last  shipment  has  been  sent  out.  These  may  be  piled 
outside  of  the  field  somewhere  and  either  allowed  to  de- 
compose or  may  be  burned.  If  they  are  allowed  to  de- 
compose the  vegetable  matter  should  not  be  returned  to 
the  field,  as  it  contains  myriads  of  root-knot  worms  which 
would  thereby  be  returned  to  the  field  and  produce  the 
very  disease  which  it  was  sought  to  be  removed.  After 
all  the  tomato  vines  have  been  removed,  the  field  should 
be  allowed  tc  grow  a  crop  of  crab  grass  or  possibly 
sowed  to  beggar  weed.  Velvet  bean  or  cow-pea  had  better 
not  be  used.  If,  however,  the  field  is  free  from  root- 
knot  the  vines  need  not  be  gathered,  and  the  field  may  be 
sown  to  any  one  of  these  nitrogen-gathering  crops.  By 
constantly  removing  the  tomato   vines  at   the  close  of 
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the  shipping  season,  and  before  the  roots  of  the  tomatoes 
have  begun  to  decompose,  the  amount  of  root-knot  in  the 
field  may  be  greatly  reduced.  Then  by  following  this 
with  crab  grass  the  worm  will  be  still  further  starved 
out  and  finally  the  field  be  practically  free  of  the  pest. 
A  field  on  the  Experiment  Station  that  was  badly  in- 
fested with  root-knot  six  years  ago  was  practically  free 
from  it  last  year;  this  result  was  due  to  the  fact  that 
the  plot  was  kept  free  from  nearly  all  plants  that  harbor 
root-knot 

LEAF  CURL,  ROLLED  LEAF,  OEDEMA. 

See    ^late  II. 

This  disease  may  also  be  called  dropsy  of  the  to- 
mato, because  of  the  fact  that  it  suffers  from  an  over- 
abundance of  water  (see  plate  II).  Dr.  G.  F.  Atkinson,  Pro- 
fessor of  Botany  of  Cornell  University,  published  a  bul- 
letin in  1893  giving  a  complete  discussion  of  this  disease 
as  it  occurs  in  the  propagating  house  of  New  York.  One 
first  notices  the  disease  by  seeing  the  leaves  curling  up 
and  exposing  the  under  surface  to  the  light.  The  mid- 
ribs or  veins  are  always  unusually  distended  and  plump. 
In  many  cases  the  leaves  will  break  if  bent  sharply.  In 
severe  cases  all  the  leaves  of  the  plant  may  be  involved, 
but  the  older  ones  suffer  first.  Sometimes  the  conditions 
of  cultivation  are  altered  or  there  is  a  change  to  dryer 
weather  so  that  the  disease  is  discontinued  and  the  lower 
leaves  turn  brown.  In  several  localities  the  term  "fired" 
has  been  used  for  this  condition. 

Where  the  entire  plant  may  have  been  involved, 
the  leaves  beginning  to  die  from  below  gradually  die  to 
the  younger  ones.  Plants  badly  affected  by  this  condi- 
tion fail  to  bear  a  reasonable  amount  of  fruit,  though, 
the  amount  produced  varies  with  its  severity.  When 
the  plants  become  considerably  involved  with  this  dis- 
ease the  buds  begin  to  fall  and  only  a  few,  or  none,  set 
but  as  the  plants  look  thrifty  and  vigorous  and  the  fruit- 
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ing  buds  are  usually  hidden  from  sight  in  such  cases, 
this  condition  remains  unnoticed. 

CAUSE. 

There  are  several  conditions  that  lead  to  this  dis- 
order. First,  an  excessive  amount  of  water  in  the  soil; 
Second,  an  abundance  of  fertilizer  or  an  unbalanced  fer- 
tilizer, especially  such  as  contains  large  quantities  of 
ammonia,  producing  a  soft,  vigorous  growth;  Third,  the 
topping  or  suckering  of  vigorous  growing  plants.  While 
none  of  these  conditions  acting  singly  produce  much 
damage,  still  if  two  or  three  of  them  act  in  conjunc- 
tion we  are  pretty  sure  to  have  a  field  badly  affected 
and  very  few  tomatoes  marketed. 

REMEDY. 

As  soon  as  it  is  noticed  that  the  tomatoes  are  suf- 
fering from  this  trouble  one  should  at  once  cease  prun- 
ing, if  this  has  been  carried  on,  and  let  the  plants  devel- 
op as  much  leaf  area  as  possible.  This  will  give  the 
plants  a  chance  to  transpire  the  water  taken  in,  and 
assimilate  the  nutritive  material.  If  the  fields  are  irri- 
gated, withhold  the  water  that  is  being  applied,  but  this 
must  be  done  gradually,  as  sudden  stopping  of  the  water 
supply  would  be  a  severe  shock  to  the  plants.  If  the 
fields  are  not  irrigated  and  the  season  happens  to  be 
moist,  much  good  can  be  done  by  cultivating  the  fields 
deeply  and  thus  causing  the  surface  of  the  soil  to  dry 
off  more  rapidly.  If,  at  the  same  time,  a  cultivator  be 
passed  along  closely  to  the  plants,  many  of  the  roots 
will  be  mutilated  and  thus  diminish  the  absorbing  sur- 
face of  the  plants,  which  will  give  the  leaves  a  chance 
to  assimilate  all  the  material  that  has  been  taken  up  by 
the  roots.  In  other  words,  it  would  be  an  attempt  to  in- 
crease the  proportion  of  foliage  to  that  of  the  root  sys- 
tem. Experiments  conducted  for  several  years  in  this 
line  show  that  this  plan  may  be  followed  safely  and  with 
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a  reasonable  hope  of  remedying  the  evil.  There  are 
other  conditions,  such  as  the  relative  temperature  of  the 
soil  and  atmosphere,  over  which  we  have  only  slight 
influence,  and  these  will  not  be  considered  here. 

Some  varieties  of  tomatoes,  especially  those  produc- 
ing large  leaves  and  large  fruit,  are  somewhat  more 
liable  to  suffer  from  this  disease  than  such  varieties  as 
Dwarf  Champion  and  others  belonging  to  that  class. 
Beauty  Stone,  Red-field  Beauty,  and  others  that  are 
commonly  grown  in  the  State,  may  be  grown  with  a 
great  deal  of  confidence  if  we  take  the  precautions  to 
alter  the  conditions  of  soil  and  plants  as  above  indicated 
in  proper  time. 

DROPPING  OF  BUDS. 


DESCRIPTION  OF  THE  DISEASE. 

The  heading  of  this  topic  is  so  expressive  of  the 
disease  that  one  scarcely  needs  to  describe  it.  The  plants 
and  condition  of  the  field  are  quite  normal,  but  one 
notices  that  the  earlier  blossoms  begin  to  drop  off,  then 
the  later  ones,  and  so  on  until  every  blossom  on  the 
hand«  or  even  on  two  or  three  hands  consecutively,  have 
fallen. 

In  1893,  one  of  the  largest  tomato  growers  in  Lake 
county  said  that  he  had  lost  more  fruit  by  the  dropping 
of  buds  than  other  causes  combined.  Others  complained 
of  the  same  trouble.  Beside  the  fact  that  attention  has 
been  called  to  this  disease  while  in  the  field,  numerous 
letters  have  been  received  inquiring  about  the  cause  of 
this  difficulty.  No  section  in  the  State  «eems  to  be 
exempt  from  it. 

CAUSES  AND  REMEDIES. 

Immediately  upon  receiving  information  as  to  the 
nature  and  destructiveness  of  this  disorder,  attention 
was  directed  to  ascertain  the  cause.   A  large  field  of  to- 
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matoes  was  planted,  including  some  twenty-five  different 
plots.  Various  operations  were  performed  upon  different 
plots  of  these  tomatoes. 

The  following  brief  summary  states  what  has  been 
learned  from  the  work  conducted  with  them.  It  would 
hardly  be  profitable  to  the  tomato  grower  to  publish  the 
details  of  the  experiments.  We  will,  therefore,  concern 
ourselves  mainly  with  the  statement  of  the  results. 

One  of  the  first  points  discovered  was  that  during 
and  following  cold  weather  many  of  the  buds  dropped. 
This  was  doubtless  due  to  the  partial  arrest  of  the  vege- 
tative functions  of  the  plant,  just  as  during  dry  weather 
or  in  transplanting  blossoming  plants  they  are  liable  to 
lose  their  buds.  This  is  not  under  our  control,  how- 
ever. It  may  also  have  been  due  in  part  to  the  want  of 
the  pollen  to  take. 

Another  very  general  cause  for  the  dropping  of  the 
buds  has  been  worked  out  by  a  number  of  the  Experi- 
ment Stations  of  the  North,  especially  Ohio  and  New 
York.  The  tomatoes  being  grown  in  propagating  houses 
for  winter  market,  it  was  not  difficult  to  have  tempera- 
ture, moisture  and  other  conditions  under  complete  con- 
trol. It  was  found,  however,  that  where  the  atmosphere 
was  entirely  quiet,  as  would  be  the  case  in  a  propagating 
house,  the  flowers  would  not  be  pollinated  and  conse- 
quently would  be  aborted,  causing  the  dropping  of  the 
buds.  Several  measures  were  introduced  to  correct  this. 
In  one  case  bees  were  brought  into  the  propagating 
house  to  work  upon  the  flowers,  and  thus  disseminate 
the  pollen.  It  was  found,  however,  that  the  more  certain 
and  effective  way  was  to  take  a  small  paddle  and  tap 
each  plant  during  the  portion  of  the  day  when  the  at- 
mosphere of  the  propagating  house  was  dry.  This  caused 
the  flowers  to  be  pollinated  and  the  fruit  to  set.  While 
this  may  be  the  cause  of  some  unfruitfulness  among  our 
tomatoes,  we  are  forced  to  believe  that  it  is  of  rare  oc- 
currence.  There  is  usually  enough  wind  abroad  to  shake 
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the  plants,  while  at  night  the  insects  are  flying  if  the 
temperature  is  high  enough  to  permit  the  plant  to  grow. 

CAUSE  UNDER  OUR  CONTROL. 

The  above  causes  for  the  dropping  of  buds  are  not 
under  our  practical  control,  but  there  is  another  cause 
which  is  under  our  control  and  causes  more  buds  to  drop 
than  all  others  combined.  In  the  early  stages  of  the 
plant,  when  the  first  hand  of  blossoms  is  put  out,  the 
fertilizer  is  taking  its  most  active  effect  and  the  plant 
grows  vigorously.  This  diverts  the  nutriment  to  the  grovF- 
ing  point  of  the  plant  in  place  of  its  being  sent  to  the 
blossom.  The  blossoms  receiving  too  small  an  amount  of 
nourishment,  soon  drop  for  the  want  of  nutriment  Hap- 
pily for  the  tomato  grower,  this  condition  can  be  chang- 
ed. Where  it  is  desirable  to  have  tomatoes  as  early  as 
possible,  the  plants  may  be  topped  as  soon  as  the  iirst 
blossoms  are  open.  At  this  time  the  second  hand  of 
blossoms  is  just  well  in  sight,  so  that  the  topping  may 
be  done  just  above  the  second  hand  of  blossoms.  The 
plant  thus  being  relieved  of  its  growing  point,  directs 
its  nutriment  to  the  next  bud  available,  which  is  situated 
on  the  blossom  hand.  As  soon  as  it  has  been  directed 
to  the  blossom  hand  new  flower  buds  are  produced,  ag- 
gregating Anally  to  as  many  or  more  flowers  as  should 
have  been  produced  on  two  hands,  and  not  infrequently 
Beauty  will  set  seven,  eight  and  nine  tomatoes  on  a 
single  hand  that  would  not  have  set  more  than  five  to- 
matoes if  the  plant  had  not  been  topped.  Nor  is  this 
the  only  advantage  that  is  gained  by  topping.  Experi- 
ments in  1894  showed  that  the  first  Stone  tomatoes 
matured  in  topped  plants  averaged  ten  days  earlier 
than  those  on  plants  that  were  not  topped.  Golden 
Queen,  a  much  later  tomato,  matured  its  first  fruit  two 
weeks  earlier  on  the  topped  plants  than  those  that  were 
not  topped.   When  tomatoes  are  trained  to  a  single  stem 
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and  staked,  much  good  can  be  done  by  taking  out  the 
suckers,  or  as  it  is  usually  called,  suckering. 

HOLLOW  STEM. 


GENERAL  DESCRIPTION. 

Plants  suffer  from  this  disorder  immediately  after 
being  set  out  from  the  seed-bed.  They  may  be  only  a 
few  inches  high  or  eight  or  ten  when  transferred.  The 
central  portion  of  the  head  of  the  plants  remains  green, 
while  the  large  leaves  turn  slightly  yellow.  In  the  course 
of  a  week  or  ten  days  after  setting  out,  the  most  severe- 
ly affected  plants  fall  over  as  if  cut  off  by  worms;  on  ex- 
amining them  it  is  found  that  the  lower  portion  of  the 
stem  is  hollow,  leaving  only  the  skin  to  support  the  plant. 
Further  observations  will  reveal  plants  in  earlier  stages. 
Plants  effected  with  hollow  stem  make  little  or  no 
growth. 

CONDITIONS  WHICH  FAVOR  HOLLOW  STEM. 

Immediately  upon  having  our  attention  called  to 
this  disease  microscopic  examination  was  begun  on 
plants  in  various  stages  of  the  malady.  During  the  lat- 
ter portion  of  its  growth  it  was  not  difficult  to  find  fungi 
and  bacteria  present,  but  in  the  beginning  of  undoubted 
cases  none  of  these  could  be  found  which  led  to  field 
work  with  a  view  of  finding  what  physiological  condi- 
tions favored  or  produced  the  disease.  By  making  dili- 
gent inquiry  among  the  tomato  growers  whose  fields 
had  suffered  from  the  disorder,  it  was  found  that  they 
had  forced  their  plants  in  the  seed-bed,  making  a  soft, 
watery  growth.  This  condition  was  similated  on  the  Ex- 
periment Station  by  using  highly  nitrogenous  fertilizers 
in  the  cold  frames.  The  plants  were  forced  until  they 
were  eight  or  ten  inches  high,  and  then  planted  out  on 
the  terrace.  The  soil  was  rather  dry  and  little  rain  oc- 
curred.  It  was  necessary  to  apply  water  to  keep  the 
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plants  from  dying  from  drought.  In  a  weeK  or  ten  days 
we  had  undoubted  cases  of  hollow  stem,  and  very  few 
of  the  plants  made  progress  at  all.  The  causes  of  hollow 
stem  may  be  briefly  stated  as  follows:  First,  a  highly 
nitrogenous  soil  in  the  plant-bed  to  force  the  seedlings; 
Second,  an  abundance  of  water  to  make  the  fertilizer 
quickly  available;  Third,  a  quick  growing  variety  of  to- 
matoes; Fourth,  transplanting  without  hardening  off; 
Fifth,  planting  into  a  dry  soil,  necessitating  the  use  of 
water. 

No  one  or  two  of  these  conditions  will  be  sufficient 
to  produce  hollow  stem,  but  if  several  of  these  are  acting 
in  conjunction,  we  will  be  pretty  sure  to  have  the  dis- 
ease as  a  result. 

HOW  TO  PREVENT  HOLLOW  STEM. 

Some  varieties  seem  to  be  able  to  withstand  such 
treatment  better  than  others.  Dwarf  Champion  and  its 
relations  gave  fewer  hollow  stems  than  Ignotum, 
Mikado,  Beauty,  Stone  and  their  related  varieties. 

We  wish  to  continue  growing  such  tomatoes  as 
Beauty  and  Stone,  and  consequently  some  way  of  avoid- 
ing this  disorder  is  desirable.  The  time  to  begin  is  before 
the  seed  is  sown.  When  the  plant-bed  is  prepared,  use  a 
complete  fertilizer.  If  the  soil  be  brought  in  from  a  ham- 
mock for  the  plant-bed,  or  other  soil  that  contains  a  con- 
siderable amount  of  ammonia  be  used,  add  less  than  the 
amount  of  nitrogen  that  the  formula  calls  for.  If  the 
soil  has  been  prepared  properly,  care  must  be  taken  that 
the  plants  do  not  become  leggy  in  the  bed.  If  they  begin 
to  crowd  one  another,  plants  should  be  removed  until 
there  is  an  abundance  of  room  for  each  individual.  This 
work  insures  that  the  stems  of  the  plant  develop  a  great 
deal  of  woody  tissue  and  protecting  them  against  hollow 
stem.  The  plants  that  have  been  removed  from  the  plant- 
bed  and  transplanted  will  be  somewhat  smaller  than 
those  that  were  not  transplanted  at  the  time  they  were 
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transferred  to  the  field,  but  in  most  cases  they  will  be 
in  bloom  before  the  ones  that  were  not  transplanted, 
thus  compensating  in  a  large  measure  for  the  trouble 
of  first  transplanting. 
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GENERAL  REMARKS. 


The  cultivation  of  tobacco  in  Florida  is  an  industry  that  is 
assuming  considerable  proportions,  and  is  one  that  will  doubt- 
less allow  of  much  greater  development.  As  usually  happens, 
in  the  extensive  growing  of  any  crop  in  a  new  locality,  many 
previously  unimportant  insects  become  serious  pests;  leaving 
their  natural  food  plants,  they  attack  the  cultivated  crop,  and 
owing  to  the  great  abundance  of  food,  frequently  develop  in 
enormous  numbers. 

To  illustrate  this  condition,  as  it  applies  to  tobacco  in 
Florida,  we  have  but  to  mention  the  "suck-fly"  which,  previous 
to  the  culture  of  tobacco,  was  unknown,  but  which  has  now 
become  one  of  the  most  serious  of  tobacco  pests.  Another  illus- 
tration is  to  be  found  in  the  Tobacco  Leaf  Miner,  which,  leaving 
its  natural  food  plant,  the  horse  nettle,  attacks  the  tobacco  plant, 
causing  much  damage. 

One  of  the  most  important  factors  that  enters  into  the  suc- 
cessful cultivation  of  tobacco,  is  the  reduction  of  the  ravages  of 
these  various  insect  pests,  and  that  growers  are  quite  alive  to 
the  importance  of  this  matter,  is  evident  from  the  interest  mani- 
fested in  the  means  that  may  be  employed  to  bring  this  about. 
.  During  the  spring  of  1896,  a  study  of  these  tobacco  insects 
was  undertaken  by  the  station;  although  many  things  have  in- 
terfered with  the  extensive  study  then  outlined,  vet  it  has  been 
thought  best  to  present  the  present  preliminary  report,  in  the 
hope  that,  by  its  perusal,  tobacco  growers  may  beccnie  better 
acquainted  with  their  most  serious  insect  pests,  and  in  so  far  as 
has  yet  been  determined,  with  the  best  remedies  against  them. 
It  is  believed  that  the  numerous  illustrations  will  be  sufficient,  in 
most  cases,  to  at  once  call  to  mind  the  particular  insect  under 
discussion. 


THE  HORN-WORM— TOBACCO-WORM. 

{Protoparce  spp.) 

Florida  tobacco  growers  are  doubtless  quite  familiar  with 
the  horn-worm,  or  tobacco-worm,  as  it  is  sometimes  called. 
There  are  two  species  of  this  insect  that  are  included  under  the 
common  name  of  horn-worm.  These  are,  the  Northern  tobacco- 
worm  {Protoparce  ccleus)  and  the  Southern  tobacco-worm  {Proto- 
parce Carolina),  The  Southern  tobacco- worm,  however,  is  much 
more  common.  In  our  insect  collection,  the  Southern  tobacco- 
worm  is  found  to  be  about  six  or  seven  times  more  abundant 
than  the  Northern  tobacco-worm.  Frequent  examinations  in 
the  field,  indicate  that  this  is  approximately  the  relative  abun- 
dance of  the  two  insects.  So  far  as  the  tobacco  grower  is  con- 
cerned, however,  there  is  but  little  occasion  to  discriminate  be- 
tween these  two  insects,  as  their  life  histories  and  habits  are 
practically  the  same.  The  Southern  tobacco-worm  is  widely 
distributed  over  the  United  States,  parts  of  Canada,  the  West 
Indies,  and  South  America.  In  Cuba,  this  insect  is  reported  as 
a  very  severe  pest  to  the  tobacco  industry.  The  Northern  tobac- 
co-worm is  quite  abundant  in  the  Northern  states,  where  in 
some  sections  it  does  much  damage.  Its  Southern  limit  has 
not  yet  been  accurately  determined,  but  it  is  probable,  that  it 
does  not  occur  .nuch  further  south  than  the  United  States. 
These  insects  pass  the  winter  in  the  pupa  state,  down  in  the 
soil.  In  Florida,  the  adults  begin  to  appear  early  in  May,  and 
soon  deposit  eggs  on  the  food  plants  of  the  larvae.  Usually 
this  first  brood  is  not  particularly  destructive,  but  it  is  the  next 
brood,  which  appears  during  July,  that  causes  the  most  damage. 
There  are  at  least  three  broods  of  the  horn-worm  in  Florida,  and 
probably  a  fourth,  although  these  are  sometimes  not  very  well 
marked,  particularly  after  the  July  brood.  An  examination  of 
a  tobacco  field  after  this  time,  usually  reveals  horn-worms  of 
various  sizes,  in  more  or  less  abundance.  The  insects  occur  in 
varying  abundance  as  late  as   November,   either  on   neglected 
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tobacco,  or  other  food  plants,  as  tomato.  There  is  much  varia- 
tion in  the  severity  of  these  insects  in  different  localities  of  the 
State,  during  the  same  year.  Thus,  in  Gadsden  county,  the 
horn-worm  has  been  very  abundant  during  the  past  season, 
while  at  Lake  City  it  has  been  comparatively  scarce.  Doubt- 
less the  July  brood  is  the  one  which  causes  the  most  serious 
damage  to  tobacco  plants,  and  this  is  particularly  liable  to  be 
the  case,  if  the  May  brood  has  been  more  or  less  neglected. 
During  ordinary  seasons,  however,  the  bulk  of  the  first  crop  of 
tobacco  should  have  been  gotten  into  the  barn,  before  this 
brood  has  had  time  to  create  much  havoc.  Late  tobacco  and 
the  sucker  crop,  however,  need  careful  attention,  to  save  them 
from  the  ravages  of  this  insect.  Much  damage  is  also  done  by 
the  horn-worm  in  the  drying  house,  by  being  carried  in  on  the 
tobacco,  where  it  will  feed  for  some  days.  They  are  particularly 
hard  to  detect  under  such  circumstances,  and  care  should  be 
taken  that  they  are  removed  from  the  plants  before  they  are 
taken  into  the  barn. 

LIFE  HISTORY  AND  HABITS. 

Adults,  appearing  from  the  pupa  condition,  soon  begin  to 
deposit  their  eggs.  Eggs  of  this  insect  are  almost  invariably  de- 
posited singly,  and  more  usually,  on  the  lower  surface  of  the 
leaves.  These  hatch  in  about  three  days,  into  very  small,  green 
larvae,  which  resemble  the  maturer  larvae  in  general  shape. 
Upon  hatching,  a  larva  eats  a  part  or  all  of  its  egg  shell,  and  soon 
begins  to  feed  on  the  tobacco  leaves.  Five  molts  are  made  dur- 
ing the  life  of  the  larva,  at  different  intervals.  It  requires  about 
three  weeks  for  a  larva  to  obtain  its  growth,  and  all  this  time, 
it  feeds  voraciously  on  the  foliage  of  the  tobacco  plant.  A  larva 
confines  itself,  to  some  extent,  to  an  entire  leaf  before  attacking 
another  one,  (see  figure  i)  and  usually  those  on  the  same  side  of 
a  plant  will  be  eaten  first.  However,  this  varies  considerably, 
and  a  leaf  may  be  only  eaten  into,  and  then  abandoned  for  an- 
other one.  One  worm  would  probably  consume  the  majority  oi 
leaves  on  one  tobacco  plant  during  the  course  of  its  lifetime. 
From  the  green  color  of  these  larvae,  harmonizing  so  well  with 
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the  color  of  the  foliage,  they  are  rather  difficult  to  detect.  This 
is,  however,  rendered  more  easy,  by  the  abundant  excrement 
which  they  void,  and  which  ordinarily  will  at  once  attract  atten- 
tion. Upon  obtaining  its  growth,  the  larva  enters  the  soil  to 
the  depth  of  three  or  four  inches,  and  enters  the  pupa  state. 
This  condition  also  lasts  for  about  three  weeks,  during  the  sum- 
mer broods,  at  the  end  of  which  time  the  adult  makes  its  appear- 
ance, and  is  soon  ready  to  deposit  eggs.  The  life  cycle  is  thus 
seen  to  extend  over  a  period  of  somewhat  more  than  six  weeks. 
Since  they  make  their  first  appearance  early  in  May,  and  are  to 
be  found  as  late  as  November,  as  many  as  four  broods  could 
readily,  and  doubtless  do,  occur  in  this  State. 

DESCRIPTION. 

The  eggs  of  the  Southern  tobacco-worm  are  almost  spher- 
ical in  shape,  smooth,  and  are  yellowish  green  in  cfJor,  and 
measure  about  one-twentieth  of  an  inch  in  diameter.  These  are 
quite  large  enough  to  be  detected  with  the  unaided  eye. 

The  lari'a  of  this  insect,  when  full  grown,  measures  about 
three  or  four  inches  in  length.  The  head  and  body  are  dark 
green,  and  the  body  is  marked  with  lateral,  oblique,  white  bands. 
On  one  of  tlie  caudal  segments  of  the  worm,  is  a  slightly  curved, 
horn-like  proces.s,  which  at  one  time  was  erroneously  thought  to 
he  an  iTgan  capable  of  producing  a  sting.    (See  figure  2.) 


.  The  pupa  is  illustrated 
in  figure  3,  as  it  was  ta- 
ken from  tlie  soil  of  one 
of  our  breeding  cases.  It 
is  a  dark  reddish-brown 
in  color,  about  two  and 
one-half  inches  in  length, 

and  is  about  one-Afth  as  yTJA..  ^r^^a  photog^pi..,- 
thick  as  long.    The  tongue-case  projects  somewhat  like  the  han- 
dle of  a  pitcher. 

The  adult  of  the  Southern  tobacco-worm  is  a  heavy-bodied 
insect,  with  a  wing  expanse  of  about  five  inches.  The  general 
color  is  brownish -gray.  The  hind-wings  are  marked  with  two 
rather  indistinct  angulated  bands.  At  the  base  of  each  fore- 
wing  is  a  cluster  of  white  spots,  and  on  each  side  of  the  ab- 
domen are  five  orange  colored  markings,  bordered  with  black. 
See  figure  4,  which  illustrates  this  insect  somewhat  less  than 
actual  size. 


The  lami  of  the  Northern  tobacco-worm,  may  be  dis- 
tinguished from  that  of  the  Southern  worm,  by  the  eight  later- 
al, \'-shaped  markings,  which  seems  to  correspond  with  the 
oblique  tines  of  the  latter.    The  pupa  of  the  Northern  tobacco- 


worm  is  quite  similar  indeed  to  that  of  the  Southern  tobacco- 
worm.     In  figure  5,  an  adult  of  the  Nonlicrn  tobacco-worm  is 


lern    Tobacco-Worm.     (Prom    a   photo- 

shown,  somewhat  less  than  natural  size.  It  will  be  seen  by 
comparison  of  the  fijjures  of  these  different  insects,  that  they 
may  be  readily  disting^iiished. 

TREATMENT. 

From  the  solitary  habits  of  this  insect,  it  is  more  difficult 
to  successfully  control  than  many  other  species.  One  method 
that  is  much  used,  in  this  and  other  states,  is  to  remove  the  in- 
sects from  the  plants  by  hand,  and  destroy  them.  This  necessi- 
tates going  carefully  over  the  field  at  frequent  intervals,  partic- 
ularly during  the  time  of  the  appearance  of  the  broods  of  adults, 
and  carefully  hunting  and  removing  the  larvae.  This  is  a  tedi- 
ous and  rather  expensive  process,  but  is  probably  one  that  is 
mostly  depended  upon  by  the  tobacco  growers  m  this  State. 
Paris  green  has  come  into  use  to  some  extent  against  this  in- 
sect, particularly  in  Kentucky,  and  in  certain  sections  of  Flor- 
ida. Extensive  experiments  made  by  Prof.  H  .Garman  of  the 
Kentucky  Agricultural  ?"xperiment  Station,  indicate  that  it  is 
quite  practicable  to  treat  this  insect  with  this  poison.  Prof. 
Garman,  after  making  a   great   many   tests   of   Paris   green   in 
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varying  strengths,  on  both  old  and  young  larvae,  sums  up  his 
conclusions  of  the  experiments  as  follows: 

"i.  They  confirm  the  conclusion  previously  reached  that 
the  young  worms  are  more  quickly  killed  than  the  old  ones. 
Thus  the  average  duration  after  treatment  of  lots  of  small 
worms  was  443  days,  while  the  treated  lots  of  large  worms  per- 
sisted on  an  average  of  12.33  days. 

2.  The  length  of  time  required  to  kill  worms  increases  as 
the  strength  of  the  mixture  used  diminishes.  The  average  dura- 
tion of  all  the  lots  of  worms,  of  all  sizes,  treated  with  a  mixture 
consisting  of  one  pound  of  Paris  green  in  40  gallons  of  water 
was  four  days,  while  the  average  for  the  lots  which  had  been 
treated  with  the  mixture  consisting  of  one  pound  in  150  gallons 
is  14.17  days.  But  it  must  be  added  that  the  increase  in  the  av- 
erages is  not  a  regular  one,  and  that  some  of  the  lots  treated 
with  weaker  mixtures  lasted  longer  than  others,  the  worms  of 
which  ate  more  of  the  poison.  In  a  general  way,  however,  the 
averages  show  that  worms  of  all  ages  fed  weak  mixtures  live 
longer  than  those  fed  strong  ones. 

3.  When  worms  are  young,  weak  mixtures  will  sers^e  as 
well  as  stronger  ones.  The  average  duration  of  lots  of  young 
worms  treated  with  mixtures  varying  from  one  pound  of  Paris 
green  in  forty  gallons  of  water  to  one  pound  in  100  gallons  was 
4. 1 1  days.  The  average  of  the  lots  of  young  worms  fed  mix- 
tures varying  in  strength  from  one  pound  in  120  £;allons  to  one 
pound  in  150  gallons  was  4.67  days,  only  a  trifle  greater.  The 
increased  time  required  to  kill  the  worms  does  not  consequent- 
ly count  against  the  weak  mixtures  used  in  these  experiments 
when  the  young  worms  are  considered  alone.  That  it  is  of 
mor^  importance  when  dealing  with  large  worms,  is  shown  by 
the  fact  that  the  difference  in  average  durations  of  lots  of  large 
worms  at  the  two  ends  of  the  series  is  much  greater  than  in  the 
case  of  the  lots  of  small  worms.  Thus  large  worms  fed  mix- 
tures varying  in  strength  from  one  pound  in  forty  gallons  to  one 
pound  in  100  gallons,  persisted,  on  an  average,  8.44  days,  while 
lots  fed  mixtures  varying  from  one  pound  in  120  gallons  to  one 
pound  in  150  gallons  averaged   15.25  days." 

Some  objections  have  been  raised  against  the  use  of  Paris 
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green  on  tobacco  plants  from  the  fear  of  injuries  that  are  liable 
to  result  to  the  user.  In  Bulletin  No.  53  of  the  Kentucky  Ex- 
periment Station,  Prof.  Garman  reports  on  the  amount  of  ar- 
senic left  on  tobacco  sprayed  with  different  strengths  of  Paris 
green.  This  report  is  herewith  presented  as  it  represents  the 
most  extensive  work  that  has  yet  been  done  on  this  particular 
question. 

THE  ARSENIC  LEFT  ON  TOBACCO. 

"The  important  thing  to  be  decided  is  of  course  the  quan- 
tity of  arsenic  left  on  the  plants  at  the  time  of  cutting.  Without 
giving  details,  I  will  state  that  if  all  the  fluids  used  had  alighted 
on  the  plants  and  none  had  dripped  from  the  leaves,  there  would 
have  been  after  a  single  spraying  of  July  27  on  each  plant  of 
rows  I  and  2  of  plot  i,  2.0659  grains  of  Paris  green,  and  as 
about  fifty  per  cent  of  this  was  arsenic  each. plant  would  have 
borne  1.0329  grain  of  this  poison.  This  is  a  liberal  estimate  of 
the  quantity  of  arsenic  which  these  plants  received,  for  probably 
not  more  than  four-fifths  of  the  fluid  used  alighted  and  remained 
upon  the  plants. 

On  rows  i  and  2  of  plots  2,  3  and  4,  individual  plants  re- 
ceived 4.0913  grains  of  Paris  green  in  the  two  sprayings  given 
these  plots,  about  half  being  applied  July  27  and  the  remainder 
August  3.  Each  plant  is  estimated  to  have  received  2.0456 
grains  of  arsenic. 

The  two  rows  of  plot  5  treated  with  London  purple  received 
4.7395  grains  of  London  purple  per  plant,  or  1.8957  grain  of  ar- 
senic, considering  that  the  London  purple  contained  40*per  cent, 
of  the  poison. 

An  examination  of  the  report  of  Dr.  A.  M.  Peter  on  the 
chemical  examination  of  sprayed  tobacco  will  show  that  what- 
ever- the  original  quantity  left  on  the  plants,  but  a  small  part 
of  it  remained  there  at  the  time  of  cutting. 

The  largest  percentage  he  received  by  analysis  was  from  plot 
4,  rows  I  and  2,  from  which  arsenious  oxide  at  the  rate  of  .329 
grains  per  pound  of  tobacco  was  obtained.  Considering  each 
plant  as  producing  16  usable  leaves  and  four  plants  as  produc- 
ing a  pound  of  tobacco  the  poison  obtained  by  him  is  the  equiv- 


alent  of  .0822  grains  of  arsenious  oxide  per  plant.  Since  each 
plant  of  these  rows  received  in  the  spraying  2.0456  grains  of  ar- 
senic it  follows  that  on  the  usable  part  of  each  plant  there  re- 
mained at  cutting  time  only  about  4  per  cent,  of  arsenic  orig- 
inally applied  to  the  plant. 

The  plants  of  plot  i,  sprayed  but  once,  on  July  27,  retained 
on  usable  leaves  only  1.8  per  cent,  of  the  arsenic  left  by  spray- 
ing. 

The  arsenic  recovered  from  plants  sprayed  with  London 
purple  amounts  to  about  3.2  per  cent  of  that  applied. 

When  it  is  remembered  that  but  little  tobacco  is  swallowed 
by  the  user  it  seems  that  the  small  quantities  recovered  by  Dr. 
Peter  show  that  spraying  once  or  twice,  as  practiced  by  us, 
would  not  render  tobacco  in  any  way  injurious,*  but  I  would 
add  that  I  do  not  think  mixtures  much  stronger  than  those  we 
used  should  be  employed,  and  that  not  more  than  three  appli- 
cations should  be  made  during  dry  seasons. 

Suppose  we  had  used  three  pounds  of  Paris  green  in  forty 
gallons  of  water.  With  one  application  each  plant  would  have 
received  12.3958  grains  of  arsenic,  and  if  1.8  per  cent,  of  this 
quantity  remained  on  the  usable  leaves  at  the  time  of  cutting, 
analysis  would  have  recovered  from  one  plant  .2231  grain, 
which  is  at  the  rate  of  .8924  grain  per  pound.  If  two  applica- 
tions of  this  strength  had  been  made,  calculating  from  the  re- 
sults of  our  experiments  chemical  anal>'^is  might  have  recov- 
ered .9819  grain  from  the  usable  part  of  a  plant,  which  is  at  the 
rate  of  3.9277  grains  per  pound  of  tobacco.  This  a  large  quan- 
tity, and  while  these  estimates  must  be  considered  only  as  ap- 
proximations they  demonstrate  clearly  enough  the  general  and 
essential  truth  that  a  quart  of  Paris  green  iu  a  barrel  of  water  is 
more  than  should  be  used.  If  last  season  had  boen  very  wet  no 
doubt  less  than  four  per  cent,  of  the  poison  would  have  remain- 
ed at  the  end  of  the  season,  but  the  part  of  wisdom  is  to  avoid 
such  strong  mixtures,  since  the  weather  cannot  be  safely  count- 
ed on  to  remove  the  excess." 


*Two-thirds  grains  of  arsenic  constitute,  it  is  said,  a  fatal 
dose  for  an  adult. 
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From  the  above  it  would  appear  that  if  properly  used,  no 
harm  should  result  "from  the  application  of  Paris  green  to  to- 
bacco plants,  but  we  have  as  yet  no  definite  data  as  to  the  ef- 
fect, if  any,  on  the  user  of  tobacco  thus  treated.  There  is  preju- 
dice, however,  among  buyers  in  some  cases,  against  such  tobac- 
co. It  will  be  remembered  that  there  has  always  been  more  or 
less  of  prejudice  against  the  use  of  fruit  and  other  crops  protect- 
ed from  insects  by  Paris  green;  in  many  cases  this  prejudice 
has  now  quite  disappeared,  from  the  fact  that  abundant  experi- 
ence has  shown  it  to  be  groundless.  It  was  noticeably  so  in  the 
case  of  spraying  apples  against  the  codling  moth.  Probably  no 
apple  grower  now  believes  that  there  is  the  least  harm  liable  to 
result  from  the  use  of  fruit  properly  sprayed  with  Paris  green. 

SUMMARY  AS   TO  THE   USE  OF    PARIS  GREEN    ON 

TOBACCO. 

It  will  hardly  be  necessary  to  make  more  than  three  appli- 
cations of  the  poison,  and  these  should  be  at  a  time  when  they 
will  do  the  most  good,  that  is,  just  as  the  young  worms  arc  be- 
ginning to  make  their  appearance  on  the  tobacco.  In  this  State, 
this  will  be  during  the  early  part,  to  the  middle  of  May,  the 
early  part  of  July,  and  the  latter  part  of  August.  As  before  no- 
ticed, however,  these  insects  do  not  appear  in  very  closely  de- 
fined broods,  but  may  be  present  in  more  or  less  abundance  in 
the  field,  particularly  after  July.  A  close  watch  should  be  kept, 
and  as  the  worms  begin  to  appear  in  considerable  numbers,  the 
plants  should  be  sprayed.  It  will  probaibly  be  on  the  side  of  cau- 
tion to  use  weak  mixtures  of  Paris  green,  as  one  pound  to  iGd 
gallons  of  water.  If  this  is  applied  properly,  and  at  the  right 
time,  when  the  worms  are  young,  it  will  be  sufficiently  strong 
to  kill  them.  It  would  hardly  be  advisable  to  use  Paris  green 
stronj^er  than  one  pound  to  125  gallons  of  water  and  in  some 
cases,  this  proportion  may  perhaps  be  too  strong.  Probably 
the  best  way  to  apply  this  would  be  to  use  a  knap-sack  sprayer, 
the  same  as  recommended  for  the  treatment  of  the  suck-fly 
(figure  16).  A  sprayer  should  be  purchased  that  has  an  auto- 
matic agitator,  so  that  the  mixture  can  be  kept  thoroughly  stir- 
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red  during  its  application,  thus  insuring  an  even  distribution  of 
the  poison. 

ARSENATE  OF  LEAD. 

Tlie  arsenate  of  lead  has  also  come  into  use  to  some  extent 
in  Florida  against  the  horn-worm.  Its  advantages  over  Paris 
green  are,  that  it  is  insoluble  in  water  and  hence  can  be  used  of 
any  desired  strength  >vithout  burning  or  spotting  the  foliage;  it 
is  quite  adhesive,  and  will  remain  on  the  foliage  longer,  thus  ob- 
viating the  more  frequent  sprayings  or  dustings  necessary  with 
Paris  green;  it  is  white  in  color,  and  is  hence  visible  on  the 
foliage  and  thus  lessens  the  danger  from  poisoning. 

( )n  the  other  hand,  being  insoluble  in  water,  it  is  slower  in 
poisoning  than  Paris  green  and  a  greater  quantity  is  necessary. 

This  insecticide  can  probably  be  best  applied  in  the  form  of 
a  powder  by  the  use  of  a  powder  gun,  such  as  the  Standard 
Duster,  manufactured  by  Leggett  Bros.,  301  Pear  St.,  New 
York.  The  application  of  the  powdered  arsenate  of  lead  will 
give  the  most  satisfactory  results  if  made  in  the  morning  while 
the  dew  is  still  on  the  leaves.  A  good  application  of  the  pow- 
der should  be  effective  for  a  week  or  ten  days,  although  its  ef- 
fectiveness will  depend  much  upon  the  absence  of  rain,  w^hich 
washes  it,  to  a  great  extent,  from  the  plants.  But  since  the 
powder  is  white,  it  will  be  an  easy  matter  to  tell  when  it  has  be- 
come washed  off,  so  that  other  applications  should  be  made. 
Xo  poison  should  be  applied  to  the  plants  for  the  week  or  ten 
days  proceeding  harvesting.  During  very  dry  weather,  it  might 
happen  that  a  considerable  amount  of  the  poison  would  still  be 
on  the  leaves,  when  the  tobacco  was  ready  for  harvesting.  Un- 
der such  conditions,  it  would  be  advisable  to  give  the  plants 
a  very  tliorongh  spraying  with  water,  late  in  the  evening. 

It  remains  to  speak  of  another  means  that  is  much  used  in 
this  State  to  lessen  the  number  of  horn-worms.  The  fight  is 
waged,  however,  against  the  adults,  by  using  flowers  of  jimson 
weed.  (Datura  stranwuiuiu)  and  sweetened  water  poisoned  with 
cobalt.  Late  in  the  evening,  a  quantity  of  the  bloom  of  the  jim- 
son weed  is  procured,  and  is  placed  promiscuously  through  the 
patcli,  in  holes  in  horizontal  slats,  supported  by  sticks  or  other- 
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wise,  and  into  the  flower  is  placed,  by  means  of  a  quill,  a  small 
quantity  of  this  poisoned  mixture.  This  poison  should  be  of 
about  the  f<Jiowing  proportions:  Cobalt,  one  ounce;  molasses, 
or  hpney  one-fourth  of  a  pint;  water,  one  pint.  The  adults  in 
their  search  for  nectar  frequent  these  flowers,  and  are  thus  poi- 
soned by  this  mixture,  which  they  feed  upon  greedily.  As  each 
adult  deposits  something  like  200  eggs,  it  is  readily  seen  the  ad- 
vantage of  bringing  about  their  destruction.  Many  growers 
cultivate  the  jinison  weed  around  their  tobacco  fields,  and  her*- 
and  there  in  the  rows.  This  is  advisable,  and  will  save  consid- 
erable time  in  placing  the  flowers  here  and  there  in  the  fields. 

ENEMIES  OF  TOBACCO-WORMS. 
Fortunately,  there  are  numerous  insect  enemies  of  tobac- 
co-worms that  serve  gready  to  keep  them  reduced.  It  is  very 
important  that  the  tobacco  grower  should  recognize  these,  and 
foster  them.  Probably  one  of  the  most  important  enemies  of 
this  insect  in  Florida  is  a  species  of  Tachina  fly  (Slitniihi  sf'.) 
This  fly  lays  its  eggs  on  the  outside  of  the  larva  where  they 
soon  hatch,  and  the  maggot  works  its  way  to  the  interior.  Here 
they  feed  on  the  tissues  of  the  worm  and,  have  usually  about 
gotten  their  growth,  before  the  death  of  the  larva  occurs,  as  a 
result  of  their  parasitism.  Tliey  enter  the  pupa  state  in  little 
brownish  puparia  within  the  body  of  the  worm,  and  eventually 
develop  into  flies.     Figure  6  shows  a  larva  thus  parasitized,  and 
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from  which  twenty-two  flies  were    bred,  in  one  of  our  breeding 
cases.     The  fly  is  shown  just  above  the  larva.     By  careful  ex- 
amination, the  cyHndrical  puparia  of  the  fly  may  be  seen,  closely 
packed  together,  in  the  body  of  the  larva. 

Another  important  insect  enemy  of  the  tobacco-worm  is  the 
Apantcks  congrcgalus,  a  small  hymenopterous  insect.  In  figure 
7,  the  larva  of  a  near  relative  to  the  tobacco-worm  is  shown, 
which  has  been  parasitized  by  this  insect.  The  small  white 
bodies  on  the  side  and  back  of  the  larva,  are  the  cocoons  of  this 
parasite,  the  grii-bs  of  which  developed  in  the  interior  of  the 
worm  and  then  made  their  exit  to  the  outside  to  pupate.  From 
these  cocoons  will  develop  small  insects  which  will  dq>osit  their 
eggs  on  other  larvae. 


Probably  most  tobacco  growers  are  familiar  with  the  large, 
reddish  brown  wasps  which  are  very  frec|uently  to  be  seen  in  to- 
bacco fields.  This  species  is  f'oHslcs  bdlicosus.  a  great  friend  to 
the  tobacco  grower,  as  it  feeds  en  the  young  horn-worms  and 
other  worms,  and  does  much  good  in  this  way.  Tliere  are  also 
several  other  species  of  Hymawplcra.  as  wasps  and  dirt-dobbers 
that  should  be  fostered  en  account  of  the  good  they  do,  in  de- 
stroying various  pests  in  tobacco  fields. 

THE  SUCK-FLY. 
(DIcypluis  miuiiiius.  Uhler  MSS.)* 

The  so-called  "suck-fly"  of  Florida  is  a  very  serious  tobac- 

*Kindlv  determined  bv  Dr.  L.  O.  Howard. 
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CO  pest.  In  fact,  many  tobacco  growers  affirm  that  it  is  the  most 
serious  insect  with  which  they  have  to  contend;  although  it  is 
to  be  regarded  as  a  new  tobacco  insect,  yet  it  has  been  known 
in  Columbia  county  for  the  past  ten  years.  Mr.  D.  L.  Geer,  a 
prominent  tobacco  grower  of  this  section,  states  that  he  has  been 
familiar  with  the  insect  on  tobacco  since  1888,  at  about  which 
time  it  first  made  its  appearance.  Mr.  Geer  also  states  that  the 
first  few  crops  of  tobacco  that  were  planted  in  this  section, 
were  not  infested  by  the  insect.  Although  this  might  seem  to 
indicate  that  it  was  introduced  into  this  locality  from  the  out- 
side, yet  the  evidence  taken  collectively,  does  not  seem  to  war- 
rant this  conclusion  and  it  is  probably  to  be  regarded  as  indig- 
enous, and  so  far  as  is  known,  is  confined  to  Florida. 

The  suck-fly  enjoys  rather  a  wide  distribution  over  the 
State,  and  varies  somewhat  in  abundance  in  the  same  locality, 
during  different  years.  The  writer  has  collected  this  insect 
from  Quincy,  Lake  City,  Lakeland,  Bartow,,  Fort  Meade  and 
Ybor  City;  so  far  as  my  observations  go,  however,  it  seems  to 
be  most  destructive  in  Columbia  county.  In  this  locality,  under 
usual  conditions,  the  first  crop  is  not  damaged  to  any  serious 
extent,  but  the  sucker  crop  and  late  tobacco  are  frequently  quite 
destroyed.  Tlie  insects  make  their  appearance  in  injurious 
numbers,  usually  during  the  first  and  second  weeks  of  June,  al- 
though their  time  of  appearance  varies  somewhat,  depending  on 
the  nature  of  the  season.  The  adults  are  first  noticed  in  some 
restricted  part  of  the  field,  as  on  the  p)lants  in  one  corner,  from 
which  they  gradually  progress,  as  they  multiply,  over  the  field. 
As  their  life  cycle  is  quite  short,  it  results  that,  in  the  course  of  a 
few  weeks,  they  have  become  quite  abundant,  and  are  distrib- 
uted quite  promiscuously  over  a  considerable  area.  During 
1897,  the  insects  were  observed  in  considerable  abundance  on 
neglected  tobacco  as  late  as  Nov.  22nd.  This  present  year 
(1898)  several  conditions  seem  to  have  contributed  to  their  ear- 
lier disappearance.  They  were  quite  scarce  on  the  sucker  crops 
in  various  fields  around  Lake  City  by  the  1st  of  September.  At 
this  date,  Sept.  24th,  very  few  indeed  are  to  be  found.  Accord- 
ing to  an  observant  tobacco  grower  in  this  section,  "an  im- 
portant factor  in  bringing  about  their  disappearance     has  been 


169 

the  absence  of  rain  during  the  latter  part  of  August,  and  the 
early  part  of  September.  The  sticky  exudation  from  the  gland- 
ular hairs  of  the  tobacco  plant  causes  many  of  these  insects  to 
become  stuck  to  the  leaf,  and  in  this  way  a  great  many  are  kill- 
ed. The  frequent  showers  keep  this  sticky  exudation  washed 
off  to  a  considerable  extent,  and  thus  favors  these  insects.'* 

The  suck-fly  injures  tobacco  by  sucking  from  the  leaf  the 
cell-sap,  and  from  the  fact  that  they  occur  by  hundreds  on  a 
single  leaf,  it  is  readily  understood  how  they  are  able  to  so  se- 
riously damage  tobacco.  An  infested  leaf  soon  becomes  yellow- 
ish in  color,  somewhat  wilted,  and,  in  older  leaves,  eventually 
splits  in  various  places,  along  which  a  browning  and  drying  up 
occurs,  so  that  the  leaf  eventually  becomes  very  ragged. 

The  young  of  the  suck-fly  live  mostly  on  the  under  sur- 
face of  the  leaves.  The  adults  may  occur  somewhat  promiscu- 
ously on  the  younger  growth,  either  on  the  upper  surface  or 
lower  surface  of  the  leaves.  The  adults  are  very  partial  to  shade, 
and  may  be  observed  feeding  close  out  to  the  margin  of  a  shad- 
ow thrown  by  a  superior  leaf.  A  characteristic  of  the  presence 
of  this  insect,  when  abundant,  is  the  black  excrement  deposited 
abundantly,  and  most  noticeable,  on  the  lower  surface  of  the 
leaves.  A  leaf  may  become  quite  covered  with  these  small 
blackish  spots  on  the  lower  surface.  F'igure  8  illustrates  this 
characteristic,  which  is  from  a  photograph  of  a  typical  leaf,  as  it 
appears  on  the  lower  surface.  Experienced  tobacco  growers 
say  that  leaves  that  have  been  badlv  infested  with  the  suck-flv, 
are  very  difficult,  if  not  impossible,  to  properly  cure. 

LIFE  HISTORY. 

The  eggs  of  the  suck-fly  are  deposited  singly,  in  the  tissues 
of  tlie  leaf,  mainly  in  the  smaller  veinlets.  They  are  placed  so 
that  the  apical  end  is  about  level  with  the  epidermis.  In  our 
breeding  experiments,  the  (tg^  state  was  found  to  last  for  about 
four  days.  In  an  ^^g  with  advanced  embryo,  the  eyes  are  seen 
to  be  distinctlv  reddish,  so  much  so  in  fact,  that  it  is  usually 
quite  easy  to  locate  an  ii^g  in  a  veinlet,  by  these  reddish  spots. 
In  hatching,  the  young  work  themselves  free,  and  soon  possess 
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considerable  agility.  In  the  course  of  three  or  four  hours,  they 
have  taken  sufficient  food,  that  its  presence  may  be  detected  in 
the  alimentary  canal  by  its  greenish  color.  An  insect  grows 
rapidly,  and  passes  through  five  molts  in  all,  before  reaching 
the  adult  condition.  The  first  stage  lasts  about  two  and  one- 
half  days,  the  second  about  two  days,  the  third  about  one  and 
one-half  days,  the  fourth  for  about  two  days  and  the  fifth  for 
about  three  days.  The  life  cycle  is  thus  seen  to  extend  over  a 
period  of  approximately  fifteen  days.  During  all  this  period, 
except  the  egg  stage,  both  young  and  adults  feed  voraciously 
upon  the  plants  which  they  infest.  The  number  of  eggs  depos- 
ited by  adults  was  not  ascertained.  However  as  many  as  four 
or  five  nearly  mature  eggs  were  frequently  pressed  from  the  ab- 
domen of  females.  It  is  probable  that  they  deposit,  throughout 
their  life,  a  considerable  number.  Adults  were  kept  alive  in  a 
breeding  cage  for  six  days;  it  is  probable  that  insects  in  the 
field,  would  live  somewhat  longer,  than  under  the  rather  abnor- 
mal conditions  of  a  breeding  cage. 

APPEARANCE  OF  THE  INSECT. 
The  aJiill  is  illustrated  in  Fig.  9,  enlarged  about  fourteen 


172 

times.  It  measures  about  one-eighth  of  an  inch  in  length, 
with  elongated  body,  and  rather  long  spindling  legs;  head  ^bout 
as  long  as  wide,  with  well  developed,  rounded  eyes.  Antennae, 
five  jointed,  basal  joint  very  short;  third  longest.  Beak,  four 
jointed,  joints  sub-equal  in  length,  the  basal  joint  being  some- 
what fleshy.  Tarsi,  three  jointed.  Color  of  head  shining  black. 
Thorax  and  dorsum  of  abdomen  blackish,  the  prothorax  above 
with  cephalic  margin,  and  a  central  longitudinal  stripe  yellowish. 
Abdomen  below,  greenish.  Legs,  yellowish-green,  tarsi  tipped 
with  dusky.  Third  joint  of  antennae,  and  distal  two-thirds  of 
second,  blackish. 

Nymph. — Fifth  stage: 
Figure  lo  illustrates  a 
full  grown  nymph, 
enlarged  about  fourteen 
times.  General  color  of 
body  greenish,  the  legs 
and  antennae  lighter,  eyes 
reddish.  The  two  pairs  of 
wing-pads  are  about  equal 
in  length  and  reach  to  the 
middle  of  the  second  ab- 
dominal segment.  Anten- 
nae five  jointed;  basal 
joint  short;  third  and 
fourth,     sub-equal.     Tarsi 

,  ,.  ,  ^  ,         V'iK.   lO-Xymph    of    ■■Sur\-Hy."    .■[.Iarg«cl 

obliquely   one   segmented,  utimps,  (Kmn.  HpixnoirrHuh,) 

treatmi;nt. 

Various  insecticides  have  been  tried  against  this  insect,  but 
it  seems  unusually  difficult  to  kill.  The  adults,  strangely 
enough,  are  killed  much  more  readily  than  the  young.  The 
most  satisfactory  insecticide  against  this  insect  that  we  have 
tried,  is  the  "Nikoteen"  manufactured  by  the  Skahcura  Dip  Co., 
Union  Stock  Yards.  Chicago.  Ill,  Tliis  is  a  very  concentrated 
solution  of  nicotine.  It  is  claimed  by  the  manufacturers  that 
the  nicotine  contained  in  one  hundred  and  fifty  pounds  of  to- 
bacco has  been  extracted,  and  reduced  to  a  solution  of  about  one 
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pint.  By  numerous  tests,  both  in  the  field  and  laboratory,  we 
have  found  that  if  this  is  used  at  the  rate  of  one  part  of  Nikoteen 
to  sixty  parts  of  water,  a  large  proportion  of  the  adults  will  be 
killed,  and  many  of  the  young.  This  solution  should  be  applied 
very  thoroughly,  both  to  the  upj^er  and  lower  surfaces  of  leaves, 
with  a  spray  pump  of  some  sort  that  will  throw  a  forcible  spray. 
We  have  found  the  Deming  Vermorel  Nozzle,  (figure  17) 
to  be  very  satisfactory  in  the  use  of  this  insecticide.  It 
should  be  used  with  an  elbow,  so  that  the  under  surface  of 
leaves  will  be  more  readily  sprayed.  A  Knapsack  Sprayer,  fit- 
ted with  a  brass  elbow  and  the  Deming  nozzle,  would  be  a  very 
handy  and  serviceable  combination.  This  could  be  manipulated 
very  easily  by  one  man.    (See  spraying  apparatus.) 

Finding  that  this  Nikoteen  insecticide  was  so  effective,  at- 
tempts were  made  to  make  a  decoction  of  refuse  tobacco  leaves, 
so  that  it  would  be  sufficiently  strong  to  be  destructive  to  the 
insects.  It  was  found  that  to  meet  this  requirement,  it  was  nec- 
essary to  make  it  at  the  rate  of  one  gallon  of  water,  to  every 
pound  of  tobacco.  This  should  be  boiled  thoroughly  for  about 
an  hour,  and  the  decoction  drained  off.  This  will  have  evapo- 
rated somewhat  (hiring  the  process  of  boiling,  but  it  will  not  be 
unnecessarily  strong.  After  straining  to  remove  all  particles  of 
trash  that  might  clog  the  nozzle  of  the  spraying  machine,  it  is 
ready  to  apply  to  infested  plants.  r)wing  to  the  various  organic 
compounds  in  this  decoction,  it  cannot  be  kept  more  than  two 
or  three  days,  in  this  climate,  before  fermentation  and  decom- 
position will  begin.  Hence  this  decoction  should  not  be  made 
until  about  the  time  it  is  desired  to  use  it.  Where  there  is  a  con- 
siderable quantity  of  refuse  tobacco  around,  as  is  frequently  the 
case,  it  may  be  more  economical  to  prepare  the  insecticide  in 
this  way,  than  to  purchase  tlie  Xikoteen,  or  extract.  Spraying 
against  the  suck-fly  had  best  be  done  early  in  the  morning,  as 
at  that  time  the  insects  arc  less  a.^^ile,  and  would  be  more  read- 
ily covered  with  the  spray.  During  the  heat  of  the  day,  the 
a(kilts  fly  readily  when  disturl)ed,  and  hence  could  not  be  so 
successfully  treated  at  this  time,  as  when  the  temperature  is 
somewhat  lower.  We  have  not  as  yet  observed  that  the  effect 
of  the  tobacco  decoction,  or  of  the  Xikoteen  is  injurious  to  to- 
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b  ceo  plants  upon  which  it  has  been  sprayed,  and  everything 
c  nsidered,it  seems  to  be  as  nearly  harmless  as  anything  we 
hi.ve  tried. 

In  treating  the  suck-fly,  a  close  lookout  should  be  kept,  so 
that  it  may  be  detected  upon  its  first  appearance,  which  will 
doubtless  be  during  the  early  part  of  June,  and  in  some  restrict- 
ed part  of  the  field.  As  soon  as  it  is  observed  to  have  made  its 
appearance,  a  strong  effort  should  be  made  to  keep  it  in  check 
as  much  as  possible,  by  a  thorough  use  of  insecticides.  If  this 
is  done,  the  subsequent  damage  of  these  insects  will  be  greatly 
lessened.  Certain  measures  are  also  to  be  recommended  which 
will  serve  to  keep  this  insect  much  reduced  in  number.  As  soon 
as  a  tobacco  field  has  served  its  purpose,  the  plants  should  be  de- 
stroyed with  the  insects  on  them.  This  can  be  accomplished 
very  satisfactorily  by  pulling  up  the  plants,  and  laying  them  in 
furrows  previously  plowed,  and  covering  them  with  the  plow 
as  soon  as  possible.  From  this  procedure  it  will  result,  that  very 
many  of  the  insects  will  be  destroyed,  and  their  abundance  an- 
other year  will  be  materially  lessened.  The  suck-fly  has  been 
observed  during  October,  November  and  early  December  on  to- 
mato vines,  and  egg-plants.  However,  they  were  nothing  like 
so  numerous  as  on  tobacco.  Diligent  search  has  failed  to  re- 
veal their  natural  food  plant  as  yet.  It  is  probably  some  solana- 
ceous  plant  of  the  woods,  and  its  discovery,  and  destruction 
would  doubtless  contribute  much  to  the  extermination  of  the 
insects. 

Among  some  of  the  other  insecticides  tried  are  the  follow- 
ing: Whale-oil  soap.  This  was  found  to  be  of  little  use  against 
the  insects  although  used  at  the  rate  of  one  pound  to  four  gal- 
lons of  water. 

Kerosene  emulsion  was  tried,  of  various  strengths,  but  to 
make  it  effective  it  should  be  used  at  the  rate  of  one  part  of 
emulsion  to  six  parts  of  water.  A  mechanical  mixture  of.  kero- 
sene and  water  was  tried,  being  applied  with  the  Deming  Suc- 
cess Kerosene  Sprayer.  This  mixture  was  found  to  be  destruc- 
tive to  most  adult  insects  when  lo  per  cent,  of  kerosene  was 
used,  but  this  amount  of  kerosene  was  very  injurious  to  plants, 
and  further  spraying  revealed     that  even  5  per  cent,  of    kero- 
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sene  would  severely  scald  the  plants,  even  on  bright  sunny  days. 

The  rose-leaf  insecticide  was  found  moderately  effective 
when  used  at  the  rate  of  one  part  to  twenty  parts  of  water. 

Carbolic  acid  emulsion,  and  a  mechanical  mixture  of  car- 
bolic acid  in  water,  were  each  found  to  be  too  severe  on  the 
plants  to  warrant  their  use  against  this  insect. 

Pyrethrum  was  found  very  effective  when  used  in  closed 
vessels.  When  dusted  on  the  plants  in  the  field  with  a  Leggett's 
powder  gun,  many  of  the  insects  were  so  affected  that  they  drop- 
ped from  the  plants  to  the  ground,  but  eventually  recovered. 
Pvrethrum  fumes  were  tried  and  were  not  found  successful. 

Both  Sulphur  spray  and  Resin-wash  were  tried  of  different 
strengths,  but  had  little  effect  on  the  insects.  Neither  tobacco 
nor  sulphur  fumes  proved  to  be  of  value. 

Rather  late  in  the  present  season,  an  attempt  was  made  to 
introduce  among  these  insects  the  Muscardine  fungus  (Sporo- 
trichum  globulifcrum)  of  the  **Chinch-bug."  A  quantity  of  fung- 
us was  secured  through  the  kindness  of  Dr.  S.  A.  Forbes,  State 
Entomologist  of  Illinois.  The  inoculation  experiments  were  be- 
gun in  the  laboratory.  Although  it  is  too  early  to  make  any 
definite  statements,  yet  thus  far.  our  attempts  to  inoculate  the 
insect  with  this  disease  have  failed.  Insects  shut  up  in  boxes, 
with  moistened  sand  on  the  bottom  to  induce  growth  of  fungus, 
were  frequently  observed  to  crawl  around  over  the  actively 
growing  fungus,  and  did  not  subsequently  develop  the  disease. 
From  the  gregarious  habits  of  this  insect,  it  was  thought  that 
this  fungus  might  be  used  with  advantage,  in  its  control. 

CIGARETTE  BEETLE. 

(Lasiodcrma  scricornCy  Fab.) 

After  tobacco  has  been  successfully  grown  in  the  field,  and 
has  been  cured  and  packed  away  in  bales  or  boxes,  it  is  subject 
to  the  ravages  of  a  small  insect  that  frequently  does  much  dam- 
age. In  fact,  tobacco  if  left  packed  away  for  two  or  three  years, 
may  become  totally  ruined  by  this  small  beetle.  Figure  ii  il- 
lustrates the  way  in  which  the  beetle  works  on  stored  tobacco. 
This  tobacco  was  found     in  a  box  in  the  Experiment     Station 
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barn,  and  at  the  time  it  was  photographed,  had  probably  been 
infested  for  about  two  years. 

The  insect  is  very  abundant  in  Florida,  infesting  many 
household  supphes  as  pepper,  ginger,  rhubarb  and  similar  sub- 
stances. It  is  also  reported  as  destructive  to  upholstery.  It  is 
one  of  cur  worst  pests  in  the  Station  herbarium  and  insect  col- 
lection. Doth  larvae  and  adults  feed  on  tobacco,  cigarettes 
and  cigars,  and  as  they  multiply  rapidly  during  the  greater  part 
of  the  year  in  this  climate,  they  soon  bring  about  the  destruc- 
tion of  the  infested  material. 

Tlie  insect  is  illustrated  in  figure  12,  in  its  various  stages, 
all  enlarged.     The  hair  line  at  the  right  of  the  pupa,  b,  is  in- 
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tended  to  rejjre.'^ent  approximately  the  actual  length.  Tlie  bcc- 
l!c  is  a  little  more  than  one-sixtienth  <>i  an  inch  in  length, 
brownish  in  color,  with  the  prothorax  and  head  much  bent  un- 
der in  front. 

The  lar,-(i  is  somewhat  longer  than  the  beetle,  thickly  cov- 
ered with  rather  long  hairs.  The  piipii  is  white,  and  is  encased 
iu  a  delicate  cocoon. 

TKKATMEXT. 

l-oriunaicly  this  insect,  with  other  insects  of  similar  habits. 
may  he  successfully  treated.  Tobacco  that  is  found  to  he  infest- 
ed should  at  once  he  placed  in  large,  tight  boxes,  and  if  tied  up 
should  be  loosened  somewhat, and  then  subjected  tothe  fumes  of 
carbon  bisulphide.  The  sulphide  should  be  placed  in  a  shallow 
dish  or  pan  on  lop  of  the  tobacco.  Thischemical  is  highly  volatile. 
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and  as  the  gas  is  heavier  than  air,  it  sinks.  It  is  death  to  all  in- 
sect life  where  it  becomes  thoroughly  permeated.  Extra  care 
should  be  taken  that  the  boxes  or  receptacles  .of  the  tobacco  are 
exceedingly  tight,  and  the  top  should  be  covered  over,  after  the 
sulphide  is  applied,  by  something  that  will  keep  the  fumes  with- 
in, such  as  a  heavy  oilcloth  or  blanket.  The  quantity  of  sul- 
phide that  should  be  used  will  vary  somewhat,  depending  upon 
tightness  of  the  box.  For  its  use  against  stored  grain  insects 
Prof.  H.  E.  Weed  has  found  that  one  pound  to  loo  bushels  of 
corn  in  a  tight  granary  is  sufficient  to  destroy  grain  weevils,  and 
other  insects.  Probably  it  will  be  sufficiently  strong  to  destroy 
this  insect  in  tobacco,  to  use  it  at  the  rate  of  one  ounce  to  every 
fifty  cubic  feet  of  space  in  the  box.  It  should  be  allowed  to  act 
for  about  one  day.  Carbon  bisulphide  is  harmless  to  the  tobac- 
co, and  hence  can  be  used  with  confidence.  In  its  use,  care 
should  be  taken  that  no  fire  of  any  kind,  as  a  lighted  pipe  or 
cigar,  be  brought  near  it,  as  it  is  highly  inflammable  and  might 
cause  serious  trouble  bv  carelessness  in  this  wav.* 

THE  TOBACCO  LEAF-MINER. 

(Gclcchia  picipelis,  Zett/> 

The  larva  of  this  small  moth  is  very  destructive  to  tobacco 
in  many  parts  of  Florida.  It  has  been  known  in  this  State  as  a 
tobacco  pest  for  several  years,  but  no  particular  effort  seems  to 
have  been  made  to  reduce  its  ravages.  This  has  probably  been 
due,  to  a  considerable  extent,  to  the  fact  thjit  its  habits  ?nd  life 
history  have  not  been  known.  The  insect  is  not  peculiar  to 
Florida,  but  occurs  in  many  parts  of  the  United  State.^.  So  far 
as  present  records  show,  however,  it  has  not  been  recognized  as 
a  tobacco  pest  except  in  Florida  and  in  certain  parts  of  North 
Carolina.  In  Florida,  we  have  found  this  insect  feeding  upon 
the  leaves  of  tomato,  and  upon  the  leaves  and  fruit  of  the  ei^g- 
plant.  To  the  fruit  of  the  egg-plant,  it  has  occasioned  consider- 
able damage  in  certain  parts  of  DeSoto  county,  by  boring  into 


*For  a  more  extended  discussion  of  carbon  bisulphide,  see 
P>ulletin  36,  p.  382,  of  this  Station. 
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the  fruit,  thus  bringing  about  their  decay.  A  careful  search  for 
the  wild  food  plants  of  this  insect  in  this  locality,  has  failed  to 
reveal  it,  but  Prof.  Gerald  McCarthy,  formerly  of  the  North 
Carolina  Experiment  Station,  states  that  its  natural  food  plant 
is  Solarium  Carolinense,  the  common  horse,  or  bull  nettle,  a  very 
common  weed  in  North  Carolina,  Florida,  and  other  Southern 
States.  In  tobacco  fields  around  Lake  City,  the  larvae  make 
their  appearance  about  the  last  of  May,  and  may  usually  be 
found  as  late  as  October. 

These  insects  injure  tobacco  leaves,  by  mining,  or  eating 
out  patches  of  parenchyma,  or  leaf  tissue,  from  between  the  ep- 
idermis of  the  upper  and  lower  surfaces  of  the  leaves.  In  this 
respect,  they  are  essentially  leaf  miners,  although  the  cavity  eat- 
en does  not  resemble  the  linear  or  serpentine  mines  of  many  spe- 
cies, but  is  a  blotch  mine.  The  result  of  this  work  is,  that  leaves 
are  rendered  unfit  for  wrappers  as  they  split  and  tear  easily  on 
account  of  these  numerous  blotches  where  the  tissue  has  been 
eaten  out.  Figure  13  illustrates,  from  a  photograph,  a  typical 
example  of  a  leaf  infested  by  these  larvae.  From  this  figure  it 
will  be  seen  that  the  eaten  patches  are  to  be  found  mainly  along 
the  midrib  and  vcinlets,  for  which  places  the  larvae  seem  to  have 
a  partiality.  In  feeding,  a  larva  does  not  pass  its  entire  life  at 
one  place,  but  after  eating  for  awhile,  it  will  chew  to  the  outside, 
and  after  crawling  around  over  the  leaf,  will  finally  enter  the  tis- 
sue again  in  a  new  place.  From  this  it  will  result,  that  one  lar- 
va on  a  leaf  during  the  course  of  its  growth,  may  render  it  quite 
worthless  for  wrapper  purposes,  from  the  numerous  blotches 
eaten.  A  knowledge  of  this  migrating  habit  is  possibly  of  value, 
as  it  suggests  a  means  for  treating  this  insect,  in  that  it  must 
chew  the  outside  of  the  leaf  to  some  extent  in  leaving  and  enter- 
ing the  leaf,  and  hence  might  be  poisoned.  As  a  rule,  the  lower 
(\vQ  or  six  leaves  are  infested  worse  than  those  higher  up  on  the 
plant. 

We  have  bred  these  insects  frequently  in  our  breeding 
cages,  but  desj)ite  very  careful  scrutiny  have  not,  as  yet,  been 
able  to  find  the  eggs.  Tlie  life  cycle  of  this  insect  during  the 
summer  is  very  short,  usually  not  requiring  more  than  twenty 
davs.     From  this  it  will  be  seen  that  several  broods  could  occur 


[  work  o(  TubiicPO  I.eaf-Mlner.     (From  a  phtHORraph.) 
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during  the  summer.  The  pupa  state  is  passed  on  or  beneath  the 
soil  in  the  neighborhood  of  the  leaf  infested.  A  slight  cylindri- 
cal cocoon  is  made,  and  in  this  the  caterpillar  changes  to  a  pupa, 
which  is  first  of  a  greenish  color,  and  later  becomes  brownish. 
Doubtless  the  winter  is  passed  both  as  larvae  and  pupae,  in  the 
trash  around  tobacco  fields  and  barns. 

TREATMENT. 

Doubtless  the  insect  can  be  controlled  to  some  extent  by 
the  use  of  Paris  green,  as  used  against  the  horn-worm,  and 
where  used  thoroughly  for  the  horn-worm,  the  plants  should  be 
comparatively  free  from  the  ravages  of  this  leaf-miner.  Some 
tobacco  growers  find  it  advisable  to  destroy  these  larvae  by  sim- 
bly  mashing  tliem  between  the  thumb  and  fingers,  as  they  are 
detected,  by  these  white  transparent  patches  in  the  leaf.  This 
can  be  done  with  considerable  rapidity  and  will  doubtless  be 
found  quite  profitable.  During  the  winter,  care  should  be  taken 
that  all  trash  from  around  tobacco  barns  and  in  the  fields  is  col- 
lected and  burned,  thus  destroying  the  hibernating  larvae  and 
pupae.  If  this  is  done  carefully,  it  will  doubtless  serve  to  great- 
Iv  lessen  the  insects  for  another  vear.  Where  the  bull  or  horse 
nettle  occurs,  it  would  be  well  to  keep  a  close  lookout  for  these 
weeds  and  when  found,  destroy  them,  thus  removing  the  natural 
food  plant  of  the  insect. 

CUT-WORMS. 

Under  this  caption  are  to  be  included  the  larvae  of  several 
different  species  of  moths  belonging  to  the  Noctiiidac.  The  lar- 
vae of  tliese  different  species  of  moths,  which  are  in- 
jurious to  tobacco,  are  very  similar  in  appearance  and  as  many 
of  them  have  practically  the  same  habits,  we  may,  for  our  pres- 
ent purposes  consider  them  as  a  group.  From  our  breeding 
experiments,  it  would  seem  that  Agrotis  ypsilon  is  the  more 
common  insect  destructive  to  tobacco  in  this  State.  However, 
it  does  not  confine  its  attention  entirelv  to  tobacco,  but  attacks 
various  plants,  as  cabbage,  strawberries,  beans,  onions,  turnips, 
corn  and  other  crops.     In  the  strawberry  fields,  they  are  fre- 


l82 

quently  found  in  great  abundance.  One  grower  reports  that  he 
dug  out  on  an  average  of  600  daily,  for  a  period  of  a  week,  and 
finally  gave  up  the  fight.  Another  grower  reports  that  he  has 
found  as  many  as  40  near  a  single  plant.  These  are  to  be  re- 
garded as  extreme  cases,  for  there  are  years  when  cut-worms, 
like  many  other  insects,  become  unusually  abundant  and  de- 
structive. To  tobacco,  they  frequently  occasion  serious  dam- 
age, by  cutting  off,  or  chewing  into  the  stems  of  the  freshly 
transplanted  plants,  so  that  if  they  do  not  die,  they  are  quite  lia- 
ble to  be  blown  over  by  the  wind.  The  cut-worm  is  not  con- 
fined to  any  particular  sort  of  soil,  but  occurs  in  greater  or  less 
abundance  in  almost  any  locality. 

HABITS  AND  LIFE  HISTORY. 

The  following  general  statement  may  be  made  concerning 
the  habits  and  life  histories  of  cut-worms.  The  eggs  are  deposited 
by  the  females  soon  after  their  emergence  from  the  pupa  state, 
usually  quite  low  down,  on  the  stems  or  leaves  of  various  plants. 
Upon  hatching,  the  young  larvae  descend  to  the  soil,  and  feed 
on  the  tender  portions  of  herbareous  plants.  They  grow  com- 
paratively slow  for  caterpillars,  the  larvae  hatched  in  spring, 
probably  becoming  full  grown  by  late  fall.  During  the  latter 
part  of  their  life,  they  are  exceedingly  voracious  feeders,  and 
may  occasion  considerable  damage.  During  mild  winters  larvae 
of  A  gratis  ypsilon  are  to  be  found  of  various  sizes,  from  early 
fall  until  late  spring,  and  it  seems  probable  that  there  is  but  little 
regularity  as  to  the  time  of  appearance  of  the  adults.  Many  cut- 
worms in  this  State,  pass  the  winter  either  as  larvae  or  pupae. 

APPEARANCE   OF   A   CUT-WORM. 

The  greasy  cut- worm,  the  larva  of  A  gratis  ypsilon  ^  when 
fully  grown,  is  about  an  inch  and  a  half  long,  with  rather  stout 
and  plump  body.  Its  general  color  is  brown,  or  a  dull  gray, 
varying  to  lighter.  The  head  is  darker  than  the  body,  and  is 
darker  above  than  below.  The  tips  of  the  mandibles  are  black. 
Just  behind  the  head  on  the  first  segment,  the  prothorax,  is  a 
shield,  dark  brown  in  color,  and  covering  the  dorsal  surface  of^ 
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this  segment.  There  is  much  variation  in  markings,  but  usually 
there  are  two  pale  lines  extendinj^  down  along  the  back.  Along 
each  side,  are  eight  small  black  spots,  the  spiricles,  or  breath- 
ing pores.  A  few  hairs  are  distributed  over  the  body,  arising 
mainly  from  small  black  or  brownish  colored  spots. 

APPEARANCE   OF  THE   MOTH. 

The  body  and  head  are  a  little  less  than  three-fourths  of  an 
inch  in  length.  From  the  head  to  the  tip  of  the  folded  wings, 
is  about  seven-eighths  of  an  inch.  The  wings  expand  almost 
two  inches.  Above,  the  insect  is  dark  brown  in  general  color, 
and  on  the  thorax  below,  whitish.  On  the  abdomen  below,  it  is 
of  a  gray  color,  but  darker  on  the  sides.  The  abdomen  termi- 
nates in  a  small  bunch  of  yellowish  hairs.  The  fore-wings  have 
usually  quite  distinct  and  constant  markings  of  lighter  color. 
The  hind-pair  are  white,  margined  with  dusky. 

TREATMENT. 

Probably  the  most  satisfactory  treatment  for  cut-worms  in 
tobacco  fields  is  in  the  use  of  bran,  poisoned  with  Paris  green. 
Mr.  Neylands,  a  successful  tobacco  grower  of  Tampa,  Florida, 
states  that  he  has  been  very  successful  in  keeping  cut-worms  in 
check  by  its  use.  This  bait  should  be  prepared  by  thoroughly 
mixing  Paris  green  with  bran,  at  the  rate  of  one  pound  of 
Paris  green  to  fifty  or  seventy-five  pounds  of  bran.  Just 
before  a  quantity  is  to  be  used,  it  should  be  moistened  slightly 
with  water  sweetened  with  molasses.  A  small  ring  of  the  poi- 
son should  be  strewn  around  each  newly  set  plant,  or  a  tea- 
spoon full  placed  at  two  or  three  places.  The  cut-worms  seem 
to  prefer  this  even  to  tobacco,  of  which  they  are  inordinately 
fond.  Where  seed  beds  are  badly  infested  with  cut-worms,  this 
poisoned  bran  should  be  drilled  along  in  various  parts  of  the 
bed  where  it  will  be  readily  accessible  to  them.  This  poisoned 
mixture  should  be  renewed  around  the  plants  about  every  third 
day,  to  keep  it  most  appetizing  for  the  larvae.  Care  must  be 
taken  that  it  is  not  accessible  to  fowls  or  stock. 
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GRASSHOPPERS,  OR  LOCUSTS. 
Several  species  of  grasshoppers  are  injurious  to  tobacco. 
I'robably  tlie  most  serious  offender  in  this  State,  is  the  red-leg- 
ged grasshopper  {Pcssotettix  fcmur-rubnim),  although  another 
species  of  grasshopper  {Pc^sofcttix  bivilatltis)  is  also  frequently 
observed  chewing  tobacco.  During  August  of  '97,  a  species  of 
Teltigiiiac  was  observed  feeding  on  seedling  tobacco  plants  at 
Bartow.  These  seed  beds  were  on  very  low  soil,  and  conse- 
cjuently  were  right  in  the  normal  habitat  of  this  insect.  The 
damage  by  grasshoppers  consists  in  chewing  holes  in  the  leaves, 
thus  destroying  their  value  for  wrappers.  These  insects  can  be 
controlled  to  a  considerable  extent  by  the  use  of  Paris  green,  as 
used  against  the  horn-worm. 

BUD- WORMS. 

(Hcliolhis  spp.) 
There  are  also  two  species  of  nearly  related  insects  that  are 
referred  to  as  "bud-iVorms."  The  larvae  of  these  two  species 
are  not  very  readily  distinguished  by  a  casual  observer,  nor  in- 
deed is  it  essential  that  they  should  be,  since  the  habits  of  the 
two  are  quite  similar.  The  more  common  bud-worm  in  Florida 
is  the  same  insect  that  infests  the  cotton  boll,  the  fruit  of  tomato, 
and  the  ears  of  corn.  It  is  known  as  the  boll-worm  of  cotton. 
Hcliolhis  armigcra.  This  pest  probably  needs  no  other  introduc- 
tion to  tobacco  growers.  The  other  species  is  known  as  Heli- 
othis  rhcxia,  and  is  not     nearly  so  abundant.     Figure  14  illus- 


trates the  adult  moth  of  this  insect  which  was  bred  out,  i 
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our  breeding  cases,  from  a  larva  found  feeding  on  the  tender 
rolled  up  leaves  in  the  bud  of  a  tobacco  plant.  The  moth  is  a 
pretty  insect,  with  a  wing  expanse  of  about  one  and  a  half  inch- 
es. The  general  shape  of  the  body  and  wings  is  very  similar  to 
that  of  the  adult  of  the  boll-worm.  This  insect,  however,  diflers 
considerably  in  color  and  markings.  The  fore-wings  are  of  a 
beautiful  greenish  color,  obliquely  crossed  with  three  lighter 
lines,  which  are  bordered  with  dusky  on  their  outer  margins.  A 
circular  discal  spot,  may  be  observed  just  distad  of  the  basal 
cross-bar.  The  hind-wings  are  whitish,  bordered  with  a  brown- 
ish fringe.  Just  w-ithin  this  fringe,  on  the  outer  margin,  is  a 
broad  border  of  brownish  red.  The  abdomen  above,  is  some- 
what rufous  in  color;  below  the  insect  is  rather  uniformly  whit- 
ish. 

In  this  State,  the  true  boll- worm  is  the  more  serious  of- 
fender, and  hence  w^ill  receive  a  greater  amount  of  attention. 
It  seems  to  prefer  corn  to  most  other  crops  in  this  and  other 
states,  but  frequently,  owing  to  lack  of  this  food,  it  infests  vari- 
ous plants,  as  cotton,  tomatoes,  okra,  tobacco,  etc.  Feeding  on 
corn,  the  larvae  eat  the  leaves,  quite  riddling  them  with  holes, 
and  later,  when  the  ears  begin  to  form,  these  are  attacked.  The 
worms  make  their  entrance,  usually  from  the  free  end.  Later 
in  the  summer  when  the  corn  is  "set,"  or  has  become  hard,  it  is 
not  so  much  relished,  and  they  frequently  pass  to  cotton  if  it  is 
in  close  proximity,  and  attack  the  bolls.  During  the  early  part 
of  the  year  when  these  insects  do  not  have  corn  or  cotton  to 
feed  upon,  they  are  forced  somewhat,  to  attack  tobacco.  Eggs 
arc  deposited  by  the  moths  during  the* evening  and  night,  on 
leaves  of  plants  on  which  the  larvae  are  to  feed.  On  the  tobac- 
co plant  the  moths  place  their  eggs  in  the  bud  and  the  resulting 
larvae  do  very  serious  harm  by  feeding  on  the  young  and  yet 
unrolled  leaves,  eating  holes  quite  through  them.  Indeed  a 
large  worm  may  quite  devour  a  bud.  As  the  leaves  of  the  bud 
grow  and  develop,  these  holes  become  larger,  and  the  leaves 
are  thus  ruined,  for  the  best  grade  of  tobacco.  Later  in  the  sea- 
son, when  the  tobacco  plants  are  fruiting,  the  larvae  seem  to 
prefer  the  unripened  capsules,  to  these  buds.  They  eat  holes  in 
the  fruit,  quite  devouring  th-e  immature  seed.     Figure  15  illus- 


trates  one  of  these  larvae  as  it  was  found  feeding  on  one  of  these 
capsules. 

DESCRIPTION. 

The  eggs  are  whitish,  scnnewhat  oval  in  shape  and  sculptur- 
ed with  polar  ribs  and  cross  furrows. 

The  larva  varies  much  in  color,  from  a  pink  to  quite  black- 
ish. The  dark  colored  ones  being  found  more  frequently  dur- 
ing the  latter  part  of  the  season.  When  full  grown,  a  larva 
measures  from  one  and  one-half,  to  two  inches  in  length.  (See 
figure  15.) 


FlK.  15— Larva  of  Bud-Worm,  Hcdlothls 

armTgera.,  allowing  work  on  seed  capaulss 
of  tobacoo  plant.     (From  a  photOBraph.) 

The  pupa  of  the  boll-worm  is  about  three-fourths  of  an  inch 
in  length,  and  is  of  a  polished  light  brown  or  mahogany  color. 
This  is  enclosed  in  a  loose  silken  cocoon,  down  in  the  soil. 
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The  adult  is  about  as  variable  in  color  and  markings  as  the 
larva.  In  more  typical  specimens,  the  hind-wings  are  bordered 
with  a  broad  dark  band  on  the  outer  margin,  on  the  side  of 
which  is  usually  found  a  white  spot,  varying  much  in  size  and 
shape.  The  fore-wings  are  frequently  bordered  somewhat  like 
the  hind-wings  and  marked  with  a  spot  at  the  centre.  The 
wings  expand  about  one  and  one-half  inches. 

TREATMENT. 

This  pest  is  much  more  satisfactorily  controlled  on  tobacco 
than  on  most  other  crops.  A  very  usual  practice,  and  one  that 
has  proven  to  be  quite  satisfactory,  is  to  sprinkle  poisoned  corn- 
meal  in  the  bud.  This  poisoned  mixture  should  be  prepared  as 
follows:  To  a  quart  of  finely  ground  commeal,  add  a -halt  tea- 
spoonful  of  Paris  green  and  mix  thoroughly  by  stirring.  To 
apply  this,  a  sprinkler  should  be  made  by  using  a  baking  pow- 
der can,  in  the  lid  or  bottom  of  which,  numerous  holes  have  been 
punched  so  that,  when  it  is  shaken,  the  poisoned  cornmeal  may 
be  peppered  over  the  bud.  The  poison  should  be  applied  fre- 
quently, and  after  heavy  rains.  In  the  case  of  large  plants  it  may 
be  necessary  to  open  the  buds  with  the  hands,  and  drop  in  a 
pinch  of  the  poison.  * 

SPRAYING  APPARATUS. 

Throughout  these  pages  frequent  references  have  been 
made  to  a  spraying  machine.    For  the  benefit  of  our  readers  who 


are  unfamiliar  with  machinery  of  this  kind,  we  illustrate  in  fig- 
ure r6  the  Success  Knapsack  Sprayer  manufactured  by  the 
Deming  Co.,  Salem,  Ohio.     This  sprayer     is  supplied  with  an 
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automatic  agitator,  so  that  in  the  application  of  insecticides  or 
fungicides  the  mixture  is  kept  well  stirred,  and  a  more  unifc^m 
distribution  thus  secured.  At  A,  in  this  figure,  is  shown  a  brass 
elbcrw,  which  is  to  be  attached  to  the  hose  for  underspraying,  as 
will  be  necessary  in  spraying  for  the  suck-fly.    In  Fig.  17  is  illus- 


trated the  Deming-Vermorel  nozzle,  which  we  have  found  to  be 
very  satisfactory,  as  it  throws  an  exceedingly  fine  spray. 

Among  some  other  manufacturers  and  dealers  in  spray 
pumps  should  be  mentioned:  The  Field  Force  Pump  Co.,  Lock- 
port,  N.  Y.,  W.  B  Douglass,  Middletown,  Conn.,  and  William 
Stahl,  Quincy,  III.  A.  L.  QUAINTANCE. 
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INTRODUCTION. 


WHAT  AND  WHY. 

This  bulletin  i&  not  published  for  the  purpose  of 
recording  new  scientific  facts.  It  will  not  serve  as  a 
burial  place  for  data  procured  as  a  result  of  experiments 
from  which  definite  conclusions  cannot  be  drawn.  Its 
purpose  is  to  furnish  the  public  with  information  which 
it  is  the  endeavor  of  the  wnter  to  make  practically  useful. 

I  have  now  completed  two  seasons'  experiments  with 
this  crop,  and  results,  belii\ed  to  be  of  value,  are  hen 
presented  with  such  detail  as  is  necessary  for  their  under- 
standing and  interpretation.  In  my  presentation  of  facts 
I  have  not  confined  myself  solely  to  the  results  of  my 
own  work,  but  have  secured  such  other  data  from  all 
available  sources  as  seem  to  possess  public  utility.  The 
literature  devoted  to  this  crop  is,  however,  extremely 
meagre,  the  plant  having  been  but  sparingly  grown  in 
isolated  localities,  and  there  have  been  but  tw^o  attempts 
made  by  public  institutions  and  scientific  men  to  increase 
popular  knowledge  of  its  adaptations.* 

In  arranging  my  experimental  w^ork  with  cassava, 
as  well  as  in  the  preparation  of  this  bulletin,  I  have  en- 
deavored to  keep  constantly  in  mind  its  adaptations  to 
the  ever  increasing  demand  for  a  money  crop,  and  it  is  to 
its  claims  for  consideration  as  meeting  this  demand,  and 
toward  solving  the  problem  of  its  use  toward  meeting 
this  requirement  that  I  have  chiefly  directed  my  efforts. 


*  Bui.  44  U.S.  Dept.  of  Ag.,  1894. 
Bui.  35  Fla.  Exp.  .Station,  ISO'J. 


With  the  market  value  of  cotton  below  the  actual 

price  of  production,  with  high  transportation  rates  too 

frequently  consuming  all  the  profit  of  the  grower  of  truck 
or  perishable  products,  with  temporarily  unproductive 

orange  groves  and  the  menace  of  free  importation  of 
tropical  products  hanging  over  us  and  demoralizing  our 
markets,  the  fstrmer  of  Florida  is  today  able  to  sympa- 
thize with  the  widespread  claim  of  unprofltable  farming 
rising  from  many  other  states  and  for  sole  comfort  seek 
all  the  satisfaction  possible  from  his  advantages  of  cli- 
mate which  minimize  the  cost  of  living  and  render  ex- 
istence possible  even  with  the  proceeds  of  all  farm  pro- 
ducts at  lowest  ebb  and  the  returns  of  farm  labor  disas- 
trously small. 

With  an  intimate  personal  knowledge  and  experience 
with  the  present  depressed  condition  of  fann  business, 
tbo  writer  has  not  only  thoroughly  considered  all  money 
crop  possibilities  as  sources  of  relief,  but  has  made  vci-y 
many  careful  field  experiments  with  all  the  crops  offering 
any  reasonable  hope  of  supplying  an  additional  profitable 
crop.  With  all  the  facts  procurable  and  with  the  expe- 
rience of  not  only  myself,  but  many  practical  farmers  to 
support  the  opinion,  I  have  reached  the  conclusion  that, 
all  things  considered,  cassava  comes  nearer  furnishing 
the  Florida  farmer  with  a  universally  profitable  crop  than 
any  other  which  he  can  grow  on  equally  large  areas.  It 
can  be  utilized  in  more  ways,  can  be  sold  in  more  differ- 
ent forms,  can  be  more  cheaply  converted  into  staple  and 
finished  products  and  can  be  produced  for  a  smaller  pof t 
of  its  selling  price  than  any  other  crop. 

This  bulletin  is  devoted  to  the  presentation  of  the 
more  important  facts  upon  which  these  conclusions  are 
based. 


•  •• 
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THE  CROP. 

ORIGIN  AND  HABITAT.— Cassava  is  a  native  of 
tropical  America,  and  has,  ever  since  the  white  man  first  be- 
came familiar  with  American  conditions,  served  as  the 
chief  article  of  diet  for  the  aboriginal  peoples  of  the 
West  Indian  islands,  Central  America  and  equatorial 
South  America.  Botanically  it  is  known  as  *'Manihot 
utilissima,"  and  Manihot,  or  Manioc,  are  the  names 
by  which  it  is  commonly  designated  by  the  natives  of 
South  America,  by  whom  the  original  word  for  cassava 
was  applied  simply  to  the  manufactured  product  obtained 
from  the  plant.  Two  varieties  of  cassava  are  recognized, 
one  of  which  is  poisonous  from  the  considerable  quantity 
of  hydrocyanic  acid  stored  in  its  roots,  and  is  recognizable 
by  the  fact  of  possessing  seven  divisions  to  its  leaves, 
while  the  non-poisonous  variety  shows  but  five,  or  less, 
points  to  -its  palmately  divided  leaves.  Occasionally 
"sports"  with  seven-pointed  leaves  are  met  with  in 
Florida,  even  upon  plants,  most  of  the  foliage  of  which 
consists  of  leaves  with  fewer  divisions,  but  growth  in 
sub-tropical  latitudes  seems  to  eliminate  the  poisonous 
property  entirely,  or  to  reduce  it  below  the  danger  point, 
as  cases  of  poisoning  from  consumption  of  the  root  by 
either  man  of  beast  are  w^holly  unknown  in  the  state. 

CHARACTERISTICS.— The  plant  is  a  luxuriant, 
many-branched  shrub,  covered  with  dark  green,  reddish 
veined  or  stemmed,  palmately  divided  leaves  almost  en- 
tirely concealing  the  branches  to  which  they  are  attached. 
These  branches  contain  a  soft,  white  pith,  and  pos.u^ss 
nodes  from  which  the  next  generation  of  plants  is  ob- 
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tained,  as  is  the  case  with  sugar-cane,  the  plant  flowering, 
but  rarely  maturing  seed  in  Florida, 

The  main  stems  are  often  over  two  inches  in  diameter 
at  the  ground,  ajid  thrifty  plants  usually  attain  a  height  • 
of  from  five  to  six  feet  with  a  spread  of  about  the  same 
dimensions,  so  that  planted  in  hills  four  feet  apart  each 
way  the  intervening  spaces  are  entirely  filled,  and  passage 
between  the  rows  late  in  the  season  is  difficult.  The 
roots,  or  more  properly,  the  under-ground  stems,  are 
attached  to  the  main  stock  and  are  usually  from  one  to 
three  inches  in  diameter  and  from  one  to  three  feet  in 
length  as  the  result  of  a  single  year's  growth.  It  is  these 
roots  which  give  the  plant  its  value  and  furnish  its  usable 
part.  The  y  consist  of  a  pure  white  solid  tissue,  harder 
and  drier  than  potatoes,  or  other  so-called  root  crops, 
and  have  a  very  high  content  of  starch.  They  are  covered 
with  a  thin,  reddish-brown  fibrous  bark,  easily  removed 
by  washing  or  light  scraping,  and  it  is  this  bark  »Yhich, 
in  the-  tropical  variety,  contains  much  of  the  poisonous 
ingredient.  This  constituent  is  volatile,  and,  therefore, 
is  wholly-  removed  by  cooking. 

SOIL  AND  CLIMATIC  CONDITIONS.— Cassava 
grows  in  all  parts  of  Florida  with  all  the  ease  and  apti- 
t\Hle  of  a  nature.  It  thrives  best,  however,  on  moder- 
ately fertile,  sandy  ^o\W,  and  is  j  erftctly  adapted  to  the 
vast  areas  of  pine  lands  constituting  so  large  a  portion 
of  the  state.  It  possesses  great  drought-withstanding 
power,  very  much  surpassing  com  in  this  respect. 

So  far  as  latitude  is  concerned,  no  positive  limits 
may  be  assigned  to  the  area  of  its  successful  growth. 
It  will,  to  the  writer's  personal  knowledge,  thrive  as  far 
north  as  Macon,  Ga.,  and  might  be  grown  to  advantage 
over  a  large  part  of  both  of  the  Carolinas,  Georgia,  Ala- 
bama, Mississippi,  Louisiana  and  Texas,  with  the  proba- 
bility of  successful  cultivation  in  parts  of  Arkansas,  Okla- 
homa and  Indian  Territory.    It  requires  a  long  season  for 
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its  full  development,  and  is  very  sensitive  to  frost,  as  much 
«o  as  is  the  tomato.  The  limits  of  its  possible  habitat 
may,  perhaps,  be  best  described  by  the  statement  that 
cassava  will  thrive  wherever  the  soil  is  adapted  to  its 
development  and  a  period  of  seven  months  of  immunity 
from  killing  frost  is  assured,  or  where  danger  from  the 
spring  frosts  ceases  with  the  middle  of  March  and  lia- 
bility to  the  autumn  frosts  does  not  occur  until  after 
the  middle  of  October. 

PREPARING  THE  SOIL.— Land  on  which  cassava 
is  to  grow  requires  thorough  plowing.  If  the  sand  or 
loam  has  become  compacted  below  the  usual  depth  of 
plowing,  or  if  the  stratum  of  clay  approaches  the  sur- 
face, the  sub-soil  plow  should  be  resorted  to,  or  if  unavail- 
able, the  long  "bull-tongue"  should  follow  the  turn-plow 
or  scooter.  Thorough  pulverization  should  be  secured 
by  the  use  of  the  harrow  following  the  plow.  This  is 
particularly  important,  as  the  young  plants  start  slowly, 
and  cannot  be  so  roughly  treated  as  is  the  case  with 
corn,  where  the  harrow  may  be  used  several  times  be- 
tween i)lanting  and  the  time  for  the  first  plowing  or 
cultivation. 

The  crop  sliould  be  worked  both  ways,  and  should, 
therefore,  be  planted  in  i?qnares,  four  feet  each  way.  This 
is  most  sim])ly  effected  by  running  furrows  at  right  angles 
with  turn-plow  or  scooter,  and  dropping  the  seed  at  the 
places  where  these  furrows  cross  each  other. 

FERTILIZIXG. — A  common  belief  among  growers 
of  cassava  is  that  the  demands  of  this  crop  upon  the 
soil  for  fertility  are  comparatively  small.  As  a  cnse- 
quence  of  this  general  opinion,  the  practice  of  most 
growers  has  been  to  apply  very  moderate  quantities  of 
fertilizers,  the  usual  application  being  from  250  to  300 
pounds  of  common  high-grade  commercial  fertilizer  per 
acre.     At  DeLand,  where  some  500  acres  were  grown 
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during  the  past  season  the  opinion  is  frequently  expressed 
that  the  minimum  quantity  of  fertilizer  mentioned  above 
is  more  economical  in  its  results  than  any  heavier  ferti- 
lizing has  been. 

To  put  the  correctness  of  this  prevailing  supposition  to 
a  test  and  at  the  same  time  shed  as  much  light  as  possible 
on  the  plant-food  requirements  of  cassava,  a  series  of 
plot  fertilizer  experiments  were  conducted  by  us  during 
the  past  season.  The  location  of  the  plots  gave  condi- 
tions as  nearly  equal  as  any  to  be  found  on  the  station 
farm.  These  plots  consisted  of  one-fifth  of  an  acre  each. 
Eight  different  experiments  were  included  in  the  list,  and 
one  trial  was  made  in  duplicate  on  two  different  plots 
as  a  test  of  the  equality  of  the  conditions  on  the  different 
plots.  The  fertilizer  adopted  as  a  standard  of  companson 
was  the  same  as  that  on  our  regular  field  crop,  which 
experience  had  demonstrated  as  being  economical  and 
satisfactory  in  results.  This  application  I  designated  as 
the  "normal,"  and  all  the  other  applications  on  the  differ- 
ent plots  were  simply  modifications  of  one  or  more  of  the 
constituents  of  this  "normal"  fertilizer,  which  consisted 
of  125  pounds  of  acid  phosphate,  150  pounds  of  cotton  seed 
mtal  and  75  {otiuds  (f  muriale  of  potish  jer  aire. 

This  mixtui'e,  therefore,  contained  18  pounds  of 
phosphoric  acid,  10  pounds  of  nitrogen  and  36  pounds 
of  potash.  These  quantities  converted  into  the  expres- 
sion more  familiar  to  most  consumers  of  fertilizers,  show 
the  following  percentage  composition  of  the  mixture: 

Phosphoric  Acid 5.14  i)er  cent. 

Nitrogen 8.      per  cent. 

Potash 10.      per  cent. 

The  plots  were  numbered  cosecutively  from  1  to  D 
inclusive,  the  character  of  the  application  to  each  plot 
having  been  as  follows: 

No.  1,  check  plot  with  no  fertilizer. 
No.  2,  double  the  "normal"  application. 
No.  3,  one  and  one-half  times  the  "normal"  applica- 
tion. 
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No.  4,  the  "normal"  application  adopted  as  a  standard 
of  c«)mparison,  consisting  of  acid  phosphate  125  pounds; 

cotton  seed  meal,   150  pounds;    muriate  of  potash,  75 

pounds,  an  aggregate  of  350  pounds  per  acre. 

No.  5,  "normal"  phosphoric  acid  and  nitrogen,  but 
only  one-half  the  "normal"  amount  of  potash. 

No.  6,  "normal"  nitrogen  and  potash,  but  only  one- 
half  "normal"  phosphoric  acid. 

No.  7,  "normaP*  phosphoric  acid  and  potash,  but  only 

one-half  "normal"  nitrogen. 

No.  8,  a  duplicate  of  No.  2,  to  test  the  equality  of 
soil  conditions  on  the  different  plots. 

No.  9,  a  duplicate  of  No.  8,  except  that  the  total 
quantity  applied  was  divided  into  three  equal  parts,  ap- 
plied at  three  different  times. 

It  is  believed  that  this  series  of  fertilizer  tests  fur- 
nishes a  basis  for  determining  the  actual  food  require- 
ments of  the  cassava  crop,  as  well  as  the  economical  appli- 
cation, since  it  provides  for  two  total  applications  of  one 
and  one-half  and  double  the  "normal"  applic^on  respect- 
ively, and  for  applications  in  which  each  of  the  single 
constituents  is  diminished  by  one-half,  as  a  result  of 
which  the  question  as  to  whether  one  or  more  of  the 
coijstituents  in  the  "normal"  fertilizer  could  have  been 
present  in  smaller  quantities  with  equal  benefits  to  the 
crop,  and  necessarily  reducing  of  the  price  of  the  total 
application  should  be  answered. 

For  convenience  of  comparison  the  results  of  the 
experiment  are  presented  in  Table  I: 
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TABLE  I. 

FERTILIZER  EXPERIMENTS  WITH   CASSAVA. 
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♦Check  Ploi— No   Fertilizer. 


Several  important  facts  beem  to  be  demonstrated  as 
results  of  tl^s  series  of  experiments.  It  must,  however,  be 
borne  in  mind  that  a  single  j-ear's  trial  is  not  sufficient 
for  a  positive  demonstration  of  facts  or  laws,  but  sevenil 
of  the  indications  are  so  noticeable  that  deductions  there- 
from seem  to  be  reasonable,  and  may  form  the  basis  of 
practice  until  further  investigation  shall  have  increased 
or  diminished  their  strength. 

FIRST. — The  average  yield  of  cassava  on  the  eight 
fertilizer  plots  was  12,979  pounds,  equivalent  to  almost 
exactly  six  and  one-half  tons  per  acre.  The  smallest 
yield  was  10,430  pounds,  while  the  heaviest  was  15,080 
pounds,  or  slightly  over  seven  and  one-half  tons.  Uere- 
tofore  a  fair  average  crop  has  been  considered  to  he  from 
four  to  five  tons,  yet  our  average  of  six  and  one-half  tons 
during  a  very  exceptionally,  indeed,  phenomenally,  bad 
season,  demonstrates  that  even  the  poorest  soils  of  the 
state — few  ai^e  poorer  than  the  soil  of  the  station  farm — 
will  produce  much  heavier  crops  of  cassava  than  has  been 


13 

usually  supposed,  and  that  with  more  thorough  study  of 
the  fertilizing  requirements  of  the  crop,  the  yield  upon 
plots  5  and  6  seem  to  demonstrate  that  very  considerably 
larger  returns  may  be  reasonably  expected. 

SECOND. — Comparison  of  plots  2  and  8,  which  re- 
ceived identical  treatment  but  produced  respectively  10,- 
430  and  13,475  pounds  of  roots,  shows  that  there  is  a  possi- 
ble variation  between  the  different  plots  of  3,045  pounds 
per  acre,  and  that  as  a  consequence,  differences  between 
the  various  plots  aggregating  less  than  one  and  one-half 
tons  per  acre  may  have  resulted  from  natural  causes  and 
must,  therefore,  not  be  considered  in  drawing  conclusions 
from  the  actual  yields  upon  the  different  plots. 

THIRD. — The  next  important  fact  apparently  demon- 
strated by  the  experiment  is  that  increasing  the  "normal" 
application  of  the  fertilizer  does  not  increase  the  yield 
of  the  crop.  In  other  words,  that  the  "normal"  fertilizer 
is  the  heaviest  application  which  can  be  economically 
made  to  the  cassava  crop  on  such  soils  as  ours.  This 
is  demonstrated  by  plots  2  and  8,  each  of  which  received 
double  the  amount  of  fertilizer  applied  to  No.  4,  but 
which  gave  an  average  return  of  11,952  pounds  as  against 
13,510  pounds  upon  plot  No.  4,  with  the  "normal"  ferti- 
lizer, or  only  one-half  the  amount  of  plant-food  supplied 
to  the  other  two  plots. 

FOURTH. — Plots  5  and  6  each  show  important  facts, 
viz,  that  reducing  the  "normal"  amount  of  potash  by  one- 
half,  as  in  No.  5,  and  phosphoric  acid,  as  in  No.  6,  does 
not  diminish  the  amount  of  cassava.  Indeed,  so  far  as 
actual  yields  go  these  are  the  two  best  plots  in  the  series. 
The  actual  increase  in  yield,  however,  on  each  of  these 
two  plots  is  considerably  less  than  the  possible  variation 
from  natural  differences,  and  should,  therefore,  not  be 
considered  as  probably  the  result  of  the  use  of  less  phos- 
phoric acid  and  potash  in  the  applications  made  to  these 
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two  plots.  The  result,  however,  is  suflficiently  marked 
to  justify  the  conclusion  that  the  ''normal"  application 
contains  an  excess  of  each  of  these  mineral  plant-foods 
and  that  the  proportion  of  these  two  ingredients  might, 
with  advantage  and  economy,  be  decreased  one-half  from 
the  '"normal"  standard. 

FIETH. — The  results  upon  plot  No.  7,  seem  to  dem- 
onstrate that  the  amount  of  nitrogen  in  the  "normal'' 
application  cannot  be  advantageously  reduced,  since  the 
yield  upon  plot  No.  4  was  13,510  pounds,  while  that  on 
plot  No.  7,  where  one-half  of  the  nitrogen  was  omitted, 
was  but  12,250  pounds. 

SIXTH. — These  different  results  lead  to  the  natural 
conclusion  that  the  most  economical  fertilizer  for  soils 
like  ours  at  the  station  should  furnish  the  crop  with  the 
equivalent  of  62^  pounds  of  acid  phosphate,  150  pounds 
of  cotton  seed  nieal  and  37^  pounds  of  muriate  of  potash, 
making  a  total  application  of  250  pounds,  having  a  per- 
centage compositiion  of  approximately  2.6  per  cent,  phos- 
phoric acid,  3  per  cent,  nitrogen  and  5  per  cent,  potash. 

These  results  are  really  a  striking  corroboration  of 
the  prevailing  practice  among  the  largest  and  most  suc- 
cessful growers  in  the  state. 

SEVENTH. — One  other  fact  demonstrated  by  these 
fertilizer  experiments  is  the  apparent  u.selessness  of  divid- 
ing the  totaJ  fertilizer  application  into  several  parts  to  be 
applied  at  different  times  as  protection  against  the  pos- 
sible loss  of  nitrogen,  but  the  same  could  all  be  used  by 
the  crop.  Plots  8  and  9  apparently  prove  that  there  is 
no  such  loss,  and  that  the  total  amount  of  nitrogen,  ap- 
plied is  actually  assimilated  by  the  crop.  In  this  con- 
nection, however,  it  should  be  remembered  that  though 
the  small  fertilizer  application  of  250  pounds  appears 
most  satisfactory  and  economical,  it  offers  no  protection 


•  •• 

*  • 


«        k 


15 

af^ainst  soil  deterioration,  as  it  supplies  only  the  apparent 
demands  of  the  crop  for  a  single  season,  and  that,  there- 
fore, where  rotation,  green  manuring,  or  other  method 
of  soil  recuperation  is  not  practiced,  a  heavier  amount 
of  fertilizer  would  probably  in  the  end  be  profitable. 

METHOD  OF  APPLICATION.— The  entire  amount 
of  fertilizer  to  be  used  should  be  applied  at  one  time,  and, 
probably,  broadcast  and  cultivated  in  before  planting. 
Where  local  conditions  or  lack  of  suitable  tools  necessi- 
tate a  different  method,  however,  the  fertilizer  may  be 
distributed  in  the  furrow  and  mixed  with  the  soil  by  the 
scooter  before  the  seed-cane  is  planted. 

PLANTING  AND  CULTIVATION.— The  seed,  pre- 
served through  the  winter  as  described  on  page  17,  be- 
gins to  sprout  and  grow  with  the  advent  of  warm 
weather,  and  must  be  planted  before  it  loses  its  vitality 
in  this  way.  This  will  usually  occur  in  March.  The  seed- 
canes  are  cut  into  sections  about  four  inches  in  length, 
which  is  best  effected  by  means  of  sharp  knives,  hatchets, 
or,. best  of  all,  pruning  shears,  by  which  the  most  rapid 
and  best  work  is  effected.  The  pieces  must  be  dropi)ed 
in  the  furrow  by  hand;  where  the  check  system  is  fol- 
lowed, the  intersection  of  the  furrows  mark  the  places  for 
dropping.  The  most  satisfactory  results  are  secured  by 
dropping  two  pieces  in  a  place,  and  the  workman,  by 
stepping  on  the  dropped  pieces,  facilitates  their  subse- 
quent covering.  The  covering  is  easily  accomplished  by 
the  turn-plow,  or  best  by  the  cultivator  with  all  the  teeth 
removed  except  the  rear  teeth  on  each  side,  which  should 
be  shovels,  and  set  as  closely  together  as  possible.  An 
implement  producing  similar  results  is  easily  improviined 
with  a  pair  of  "bull  tongues"  and  a  common  Dixie  pl-ow 
stock.  These  teeth  should  be  made  to  straddle  the  row 
and  throw  the  soil  toward  each  other,  thus  perfectly  fill- 
ing the  furrow  and  covering  the  seed-canes  lying  therein. 
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The  season's  cultivation  and  working  of  the  cassava  crop 
is  simple.  The  first  cultivation  may  be  deep,  and  with  a 
plow,  if  preferred.  After-cultivation  must  be  shallow, 
and  with  a  cultivator  or  wide  sweep.  In  either  case,  the 
implement  should  be  run  as  near  the  surface  as  possible, 
both  because  of  the  effect  on  soil  moisture  and  because 
man.y  of  the  roots  grow  horizontally  and  very  close  to  the 
surface.  The  cultivation  practised  with  corn  is  equally 
adapted  to  cassava,  and  three  or  four  workings  will  be 
sufficient,'  notwithstanding  its  long  growing  seajson. 
When  the  plants  reach  well  out  into  the  space  between 
the  rows  and  shade  the  ground  well,  all  cultivation  may 
cease  and  the  crop  be  considered  as  laid  by.  At  the 
time  of  the  last  cultivation,  which  will  usually  occur 
about  the  first  of  August,  a  single  row  of  cow-peas  may 
advantageously  be  sown  in  the  middle  of  the  rows. 

HARVESTING.— The  nature  of  the  plant  necessi- 
tates hand-harvesting,  but  it  possesses  two  saving  graces, 
which  render  the  task  comparatively  easy.  First,  it 
thrives  best  on  light,  sandy,  dry  soils,  in  which  its  roots 
do  not  have  a  very  tenacious  hold,  and  second,  so  many 
of  these  roots  grow  near  the  surface  that  no  great  diffi- 
culty is  experienced  in  removing  them  in  a  body  from  the 
soil.  The  work  is  best  performed  by  two  men  on  opposite 
sides  of  the  row.  The  stems  should  have  previously  been 
cut  off  with  hoes  about  four  to  six  inches  above  the 
ground  after  the  appearance  of  frost,  or  the  general  yel- 
lowing of  the  leaves  shows  that  growth  is  at  an  end.  The 
remaining  stubs  of  stems  furnish  a  hold  by  means  of 
which  the  entire  root  system  is  raised  from  the  ground. 
If  any  plant  possesses  a  specially  tenacious  hold  on  the 
ground,  a  little  loosening  by  shovel  or  spade  thrust  under 
one  side  of  the  plant,  will  accomplish  its  release.  Koots 
occasionally  become  broken  off  in  the  ground,  but  these 
are  secured  without  difficulty  by  means  of  shovel  or 
spade. 


TWO  CASSAVA  ROOTS,  WEIGHT  THIRTY-ONE  POUNDS. 

The  roota  muat  be  kept  Id  a  dry  and  reasonably  cool 
place  or  they  are  apt  to  deteriorate  after  a  few  days' 
removal  from  the  ground.  As  the  .ground  on  which 
cassava  grows  seldom  freezes,  the  crop  is  best  stored 
where  it  grew,  and  only  harvested  a  few  days  previous 
to  actual  ase. 

The  common  belief,  however,  oft  repeated  and 
reiterated  in  print,  that  cassava  cannot  be  preserved  out 
of  the  ground,  but  that  immediate  nee  is  necessary,  £ 
have  proved  to  be  founded  on  entire  error.  Last  season 
I  kept  roots  in  the  station  ofBce  from  February  until 
July,  and  then  submitted  them  to  an  examination  by 
glDcoee  experts  from  Chicago  and  Buffalo,  who  pro- 
ntfanced  them  to  be  in  perfect  condition  for  glucose 
or  starch  manafactnre.  Broken  or  mutilated  places  on 
tiw  roots  soon  become  oovered  with  dark  mold,  but  the 
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growth  is  extremely  superficial  and  in  no  way  interferes 
with  the  character  of  the  root  or  its  constituents. 

In  South  Florida  the  plant  is  perennial  though  it 
loses  its  leaves  and  some  of  its  stems  during  winter,  but 
with  the  advent  of  spring  it  sends  out  new  shoots,  and 
last  year's  roots  begin  to  make  new  growth,  so  that  the 
entire  crop  is  not  necessarily  harvested.  With  even  these 
conditions,  however,  it  is  probable  that  annual  planting 
is  more  profitable  than  to  attempt  to  secure  more  than  a 
single  season's  growth  on  the  roots. 

In  this  connection  it  is  well  to  call  attention  to  the 
fact  that  the  actual  yields  with  our  crop  were  consider- 
ably above  the  usual  average  yield,  yet  they  fall  very 
much  below  frequently  reported  yields.  These  latter  are 
as  a  rule  mere  estimates.  The  illustration  given  of  two 
roots  was  supposed  to  have  been  made  from  average 
samples,  and  at  this  rate  of  15J  pounds  per  hill,  the  yield 
per  acre  would  have  been  30,830  pounds,  or  something 
over  16  tons.  The  real  yield,  however,  was  6^  tons,  a 
difference  which  should  be  remembered  when  claims  of 
I  reposterous  crops  of  cassava  are  made  public. 

PRESERVING  SEED.— The  entire  above-ground 
growth  of  the  plant,  except  its  leaves  and  tip  stems, 
may  be  preserved  for  seed.  The  stems  are  trimmed  by 
hand,  the  loaves  and  tips  being  broken  off  and  then  laid 
upon  a  dry  piece  of  ground,  preferably  freshly  plowed. 
The  butt-ends  of  the  stalks  should  be  thrust  into  the 
ground  and  then  a  second  layer  be  placed  over  them,  butts 
also  in  the  ground,  and  so  the  pile,  or  bed,  should  be  con- 
tinued, layer  on  layer,  like  the  shingles  of  a  roof,  till,  for 
convenience  sake,  the  bed  is  large  enough.  The  cane 
should  then  be  covered  with  straw,  hay,  or  moss,  and 
this  with  a  light  layer  of  soil.  In  extremely  dry  weather 
the  addition  of  a  little  water  to  the  beds  is  advisable,  but 
our  winter  rains  are  usually  ample  for  the  needs  -of  the 
seed-cane,  and  our  experience  at  the  station  is  that  a 


19 

Buperabundanoe  of  moisture  is  more  dangerous  than  dry 
weather,  as  rotting  of  the  bed  is  more  common  than  its 
drying  out.  Neither  extreme,  however,  is  frequent,  and 
the  seed  may  be  expected  to  pans  the  winter  in  good 
condition  with  reasonable  certainty. 

The  complaint  frequently  met  with  of  difficulty  in 
obtaining  a  full  stand  of  cassava,  I  am  confident,  results 
from  ftilure  to  follow  these  simple  rules  for  the  proper 
preservation  of  seed  canes. 


II 


USES  OF  THE  CROP. 


The  QMS  to  which  any  crop  may  be  pnt  muBt 
depend  chiefly  on  the  composition  of  the  material  in  qneB- 
tion.  With  cassava  not  only  are  the  uses  to  which  it 
has  already  been  devoted  the  result  of  its  composition,  but 
new  uses  suggested  for  the  crop  depend  almost  exclu- 
sively upon  this  composition.  Cassava  is  distinctively  a 
starch-forming  crop,  and  belongs  essentially  to  the  carbo- 
hydrate division  of  foods.  It  is,  therefore,  a  characteris- 
tic fat-former,  and  when  properly  used,  becomes  one  of 
the  most  economical  heat  and  fat-forming  articles  of  food 
for  all  classes  of  animals,  human  beings  included. 

The  chief  value  which  the  crop  possesses  lies  in  the 
fact  of  the  cheapness  with  which  fat-forming  material 
may  be  produced  in  this  shape,  and  its  economical  posi- 
tion depends  upon  the  recognized  desirability  of  produc- 
ing at  home  the  greatest  possible  supply  and  variety  of 
foods  for  home  consumption.  Before  entering  into  de- 
tails of  the  utilization  of  the  crop,  therefore,  It  becomes 
necessary  to  minutely  examine  its  composition  as  deter- 
mined by  chemical  analysis.  This  feature  of  our  work 
is  essentially  new,  there  having  been  heretofore,  so  far  as 
I  am  able  to  ascertain,  but  one  analysis  of  cassava  pub- 
lished.* 


*  Bulletin  No.  44  published  by  Chem.  Div.  U.  S.  D.  A.,  1804. 
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TABLE  II. 
ANALYSES  OF  STATION  CASSAVA, 
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The  first  important  fact  shown  from  the  above  analy- 
sis^ is  that  cassava  contains  a  larger  amount  of  non-nitro- 
genous extract  matter  than  is  found  in  any  other  crop. 
This  matter  is  composed  largely  of  starch,  of  which  it 

contains  much  more  than  either  the  Irish  or  sweet  potato. 
A  very  considerable  quantity  of  sugar,  however — about 

3  per  cent. — is  also  included  in  this  material.  Cassava, 
therefore,  presents  marked  characteristics  of  both  pota- 
toes and  sugar  beets,  but  contains  very  much  more  total 
food,  because  of  its  greater  solidity  and  smaller  content 
of  water. 

That  cassava  is  not  a  perfectly  balanced  food,  that  is, 
does  not  contain  flesh-forming  and  fat-forming  materials 
in  the  relative  proportions  necessary  to  secure  the  best 
posible  results  from  its  use,  or  the  greatest  economy  from 
its  feeding  is  apparent.  On  the  other  hand,  no  food,  with 
the  possible  exception  of  fresh  milk,  exists  in  these  per- 
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feet  proportions;  in  each  one  or  the  other  class  of  con- 
stituents predominates  ''Man  cannot  live  by  bread  alone," 
is  a  fact  as  scientificallj  correct  as  it  is  a  recognized 
expression  of  Divine  wisdom.  Man  must  have  beef  or 
eggs  with  his  bread;  beans  or  peas  with  his  pork,  and 
chickens  with  his  potatoes,  if  either  is  to  be  fully  utilized 
and  the  greatest  possible  amount  of  nutriment  be 
secured. 

So  with  hay  the  animal  requires  bran,  corn-fodder  with 
cotton  seed  meal,  and  with  cotton  seed  hulls,  pea  vines  or 
velvet  beans  are  required  if  the  full  value  of  either  is  to 
be  secured  to  the  animal. 

It  is  unquestionably  true,  however,  that  cassava,  all 
things  considered,  comes  nearer  supplying  a  perfect 
ration  for  farm  stock  than  any  other  concentrated  food 
produced  upon  Florida  farms. 

That  the  composition  of  other  foods  may  be  readily 
compared  with  that  of  cassava  and  that,  therefore,  the 
data  needed  for  the  most  economical  utilization  of  Flor- 
ida feed-stuffs  may  be  available,  Table  IL  haB  been  pre- 
pared, giving  the  nutritive  constituents  of  all  distinct- 
ively southern  feed-stuffs,  based  mostly  on  our  own  analy- 
ses, and  in  each  case  upon  the  form  of  material  in  which 
we  Floridians  are  accustomed  to  use  the  food. 

The  importance  of  this  latter  condition  is  illustrated 
by  the  case  of  pindars,  which,  though  frequently  analy- 
zed, are  with  us  always  fed  in  the  field,  being  harvested 
by  the  hogs;  all  analyses  made  under  any  other  condi- 
tions. So  far  as  the  writer  is  able  to  learn  no  other 
analysis  of  this  crop  is  so  stated  as  to  be  of  assistance 
to  any  Florida  farmer  desirous  of  knowing  its  composi- 
tion of  this  crop  that  he  may  intelligently  supplemeut  it 
with  other  food  in  the  hope  of  securing  better  and  more 
economical  results. 

Before  actual  consideration  of  some  of  the  details 
of  this  table  an  attempt  to  apply  them  to  the  problem  of 
the  rational  feeding  of  Florida  stock,  a  good  demonstra- 
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tion  of  the  possibilities  of  the  use  of  cassava  as  a  feed- 
stuff is  furnished  by  two  simple  feeding  experiments 
conducted  at  the  station — one  with  pigs  and  one  with 
cows. 

A.— EXPERIMENT  WITH  PIGS. 

This  was  a  comparison   of  cassava,   com,   chufas, 
ground-peas  and  pindars  in  the  fattening  of  pigs.    The 
experiment  covered  a  feeding  period  of  seventy-five  days, 
terminating  January  14th,  1896.    The  details  of  the  ex- 
periment were  carefully  carried  out  by  Mr.  John  F.  Mitch- 
ell, the  station  foreman,  to  whose  fidelity  and  care  I  am 
indebted  for  the  data  now  made  use  of.    The  basis  of  the 
experiment  was  the  quantity  of  each  of  the  materials  fed 
which  the  different  lots  of  pigs  would  consume.    The  pigs 
were  all  of  the  same  breed — grade,  Duroc-Jersey — and  as 
nearly  as  possible  of  the  same  weight  and  age.    It  WUs 
believed  better  to  have  the  pigs  of  each  lot  of  about  the 
same  size,  rather  than  to  even  up  the  weights  of  the 
different  lots  by  having  in  any  single  lot  individuals  with 
considerable  differences  which  might  have  resulted  in 
quarrelling  and  the  depriving  of  the  smaller  member  of 
the  feeding  lot  of  his  full  ration.    All  pigs  of  each  lot 
were  clearly  marked,  so  that  there  was  no  possibility  of 
mixing  or  mistake  at  any  stage  of  the  experiment. 

The  station  was  not  equipped  for  digestion  experi- 
ments and  it  will  b  •  s(en  that  orje  very  important  factor 
was  omitted  in  the  scheme  of  experiment,  viz:  the  actual 
value  of  the  food  consumed  by  each  lot  of  pigs,  which 
would  have  necessitated  the  weighing  of  the  food  con- 
sumed. This  data  would  have  furnished  the  inly  pos- 
sible clue  to  the  cost  of  the  gain  made  by  the  diffe.^ent 
pigs,  and  hence  would  have  determined  the  economy  of 

feeding. 

This  precaution  is  necessary  since  it  is  quite  pos- 
sible  that    the   pigs    showing   the   greatest    gain,    and 
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thus  the  largest  gross  return  from  the  food  consumed, 
may  have  been  fed  on  comparatively  expensive  food,  so 
that  the  increased  weight  might  not  pay  for  the  in- 
creased cost  of  the  food;  in  which  case  pigs  showing  a 
smaller  increase  in  weight,  might  have  really  eaten  so 
much  less  value  in  food  as  to  make  their  actual  gain  cost 
less  per  pound,  so  that  the  food  given  them  might  have 
well  been  the  most  economical  in  net  returns.  This  is  an 
exemplification  of  the  well  known  fact  that  the  heaviest 
hog,  or  the  largest  steer  is  seldom  the  most  profitable  ani- 
mal. 

The  important  factor  of  the  amount  of  food  con- 
sumed, I  have  supplied  as  well  as  possible  from  my  own 
record  of  the  amount  of  cassava  or  corn  consumed  by 
several  pigs  of  the  same  breed,  age  and  condition 'during 
the  same  time  of  year,  so  that  though  not  tne  identical  in- 
dividuals in  the  original  test  the  averages  furnish  reason- 
ably correct  data  for  determining  the  relative  values  of 
the  quantities  of  food  consumed  by  the  corn  and  cassava- 
fed  pigs  in  the  earlier  experiment.  Thus,  so  far  as  prac- 
tical farm  purposes  go,  we  have  a  basis  for  estimating 
the  actual  cost  of  the  meat  produced  by  each  kind  of 
food  and  can  thus  determine  the  relative  economy  of 
corn  and  cassava  as  hog  foods. 


The  results  of  this  experiment  redaced  to  the  over- 
ages and  totals  of  each  groap  or  lot,  namhered  namer- 
ically,  are  presented  helow  in 


The  important  facts  presented  in  Table  III,  as  the 
results  of  the  series  of  feeding  experiments,  seem  to  lie  as 
follows:  FiTst,  the  percentage  of  gain  in  weight  as  the 
result  of  feeding  five  different  lots  of  pigs,  on  as  many 
different  materials,  for  a  period  of  76  days,  places  the 
foods  tried  in  the  following  order  of  merit:  Cassava,  corn, 
goobers,  pinttars  and  chufas.  the  latter  standing  at  the 
bottom  of  the  list,  with  the  percentage  of  gain  to  the 
pigs  fed  apon  It  only  7  as  against  96.2  for  cassava,  indi- 
cates that  this  crop  should  be  excluded  from  the  list  of 
economical  hog  foods.  Second,  Corn,  which  is  the 
standard  fattening  food  of  the  Western  Hemisphere  and 
the  material  on  which  probably  96  per  cent  of  the  fat 
hogs  of  American  markets  are  finished  off  preparatory  to 
slaughtering,  makes  but  a  poor  showing  as  compared 
with  cassava,  though  It  ranks  second  in  the  list  of  foods 
tried,  its  percentage  gain  being  70  as  against  95.2  with 
cusava.    The  difference  between  the  two  rates  of  gain 
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70  and  95.2,  is  25.2  per  cent  in  fayor  of  the  cassaya  pigs. 
The  actual  comparatiye  gain,  howeyer,  is  considerably 
greater  since  25.2  is  36  per  cent,  of  70,  and  therefore, 
the  real  difference  in  yalue  between  these  two  foods  is  36 
per  cent,  in  fayor  of  the  cassaya.  In  other  words  the  ex- 
periment shows  that  pigs  fed  on  cassaya  will  make  36  per 
cent,  more  meat  during  a  giyen  interyal  than  if  fed  upon 
corn.  A  different  statement  of  the  same  fact  is,  that 
there  is  more  than  1-3  more  profit  from  the  feeding  of 
cassaya  than  corn,  in  fattening  pigs,  where  the  cost  of 
producing:  the  two  foods  is  the  same.  When  it  is  borne 
in  mind,  howeyer,  that  the  actual  cost  of  producing  cas- 
saya, food  yalue  for  food  yalue,  is  yery  much  less  than 
with  corn,  the  adyantage  of  the  former  appears  still 
greater,  and  there  can  be  no  question  of  the  place  of  cas- 
saya as  "a  money  crop."  Thirds  The  daily  cost  of  these 
two  foods  as  nearly  as  it  can  be  estimated  was  0.75  of  one 
cent  per  day  each,  for  the  cassaya  fed  pigs,  and  2.40  cents 
each  for  the  corn  fed  lot.  The  total  cost  therefore,  of  the 
amount  of  food  consumed  during  the  75  day  period  was 
15.52  for  the  cassaya  pigs  and  |18.07  for  the  corn  fed 
lot.  This  amount  diyided  by  the  gain  in  weight  for  each 
lot  shows  that  the  actual  cost  per  pound  of  the  meat 
made  from  the  food  consumed  was  1.04  cents  for  the 
cassaya  and  3.06  cents  for  the  corn  fed  pigs. 

The  actual  market  yalue  of  the  liye  pork  and  of  corn 
at  the  time  the  trial  was  in  progress  being  known,  have 
been  used  as  a  basis  for  the  calculation.  As  to  the  basis 
with  cassaya  however,  no  actual  market  value  then  exist- 
ed. Where  starch  factories  have,  however,  been  estab- 
lished in  the  state  |6  per  ton  is  paid  for  the  roots,  and 
this  has,  therefore,  been  adopted  as  the  standard  of 
value,  although  as  a  matter  of  fact,  our  own  experience 
shows  that  the  crop  can  be  grown  and  harvested  at  |14.00 
per  acre,  which  with  our  average  yield  makes  the  actual 
cost  of  the  cassava  only  about  |2.00  per  ton,  on  which 
basis  the  relative  profit  of  feeding  the  same  to  pigs,  would 
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have  been  three  timea  greater  than  appears  in  the  esti- 
mates of  the  table. 

With  these  actual  facts  accepted,  can  there  any  longer 
be  doubt  that  cassava  converted  into  meat,  bacon,  lard 
and  hams  as  finished  products,  for  which  the  supply  never 
equals  the  demand*  is  indeed  a  "money  crop/' 

As  further  evidence  that  the  experiments  were  con- 
ducted under  normal  conditions,  and  also  that  the  ad- 
vantage shown  for  cassava  as  a  fattening  material  is  not 
possessed  by  the  hog  feeders  of  any  other  section  of  the 
country,  I  venture  to  present  for  comparison  the  results 
of  pig-feeding  trials  made  at  representative  experiment 
stations,  North  and  South,  at  the  very  time  that  these 
trials  were  under  way  in  Florida.  Bulletin  82  of  the 
Alabama  station  shows  that  with  their  exp<3riments  in 
the  feeding  of  four  different  lots  of  pigs  upon  as  many 
different  rations,  the  average  cost  of  the  ;;ain  in 
live  weight  by  the  pigs  being  fed  was  3.51  cents  per 
pound.  The  annual  report  of  the  Mass.  Hatch  Expijri- 
ment  Station  for  1896,  shows  that  the  average  cost  of  the 
gain  in  live  weight  made  by  pigs  under  experiment  was 
2.88  cents  per  pound.  This,  too,  where  a  chief  constit- 
uent of  the  ration  was  skimmed  milk,  valued  at  0.35 
cents  per  pound  and  supposed  to  be  the  cheapest  of  all 
hog  foods.  The  annual  report  of  the  Vermont  Experi- 
ment Station  for  18&6  shows  that  the  average  cost  per 
pound  of  increased  live  weight  with  four  different  lots  of 
experimental  pigs  was  3.72  cents  per  pound. 

The  average  cost  of  the  gain  made  at  these  three 
different  stations  was  3.37  cents  per  day,  or  3.24 
times  the  cost  per  pound  of  the  gain  produced  by  us 
through  the  feeding  of  cassava.  The  Vermont  report 
further  specifies  that  the  average  profit  per  pig 
fed  during  the  period  of  trial  was  |0.50.  This,  too, 
during  a  period  of  106  days  as  against  our  profit  of 
11.07,  made  in  the  period  of  75  days  with  oaasava.  A 
further  important  consideration  is  the  fact  that  in  each 
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of  the  cases  specified  the  profit  was  figured  on  a  basis  of 
tO.06  per  pound,  live  weight,  for  pork,  while  our  ostinuites 
are  based  upon  the  low  market  valuation  of  |0.08  per 
pound. 

These  certainly  are  important  facts  and  worthy  of 
careful  consideration.  They  form  a  simple  demolistra- 
tion  that  cassava  properly  used  and  fed  must  certainly  be 
a  very  much  more  profitable  crop  than  any  other  crop 
which  can  be  converted  into  hogs  or  hog-products. 

B.— EXPERIMENT      IN      FATTENING      BEEP      ON 

CASSAVA. 

Several  animals  were  fed  as  a  test  of  the  effects  of 
cassava,  in  keeping  animals  in  condition  and  of  restor- 
ing poor  animals  to  proper  condition.  Several  animals 
have  satisfactorily  been  fattened  with  cassava  as  the  sole 
fattening  food  used.  Only  one  animal,  however,  was 
actually  experimented  with  for  a  definite  fattening 
period,  and  the  result  finally  tested  by  slaughtering  of 
the  animal. 

The  Station  has  not  been  properly  equipped  for 
feeding  experiments,  and  no  claim  is  made  to  tjcieutiJic 
method;  it  is  believed,  however,  that  the  case  offers 
results  of  practical  value  to  Florida  farmers.  At  the 
time  the  feeding  was  begun,  no  tests  whatever  had  been 
made  of  the  digestibility  of  cassava,  though  now  a  be- 
ginning has  been  made  along  this  line.  The  particular 
bearing  of  this  deficiency  is  the  fact  that  during  this 
feeding  trial  we  possessed  no  data  for  determining  the 
real  nutritive  ratio  of  cassava,  and  were,  therefore,  pre- 
vented from  arranging  a  scientifically  correct  ration  or 
combination  of  foods.  The  tests,  therefore,  were  really 
simply  tests  of  the  question  as  to  whether  cassava  could 
be  used  in  the  same  way  that  corn  is  so  nearly  univer- 
sally used  in  the  com  belt  of  the  Central  West,  in  prepar- 
ing steers  for  the  Chicago  and  Kansas  City  markets. 
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There  hay  and  cornstalks  form  the  coarse  fodders  and 
corn  fed  in  cribs  is  the  sole  fattening  reliance.  In  the 
test  made  by  ns  dry  hammock  pasture  grass  furnished 
the  coarse  feed,  but  cassava  was  substituted  for  corn 
as  the  fattening  material,  supplemented  by  a  little  cotton- 
seed meal  to  improve  the  nutrative  ratio  and  supply  the 
protein  actually  present  in  corn.  Twoaaimals  were 
included  in  the  experiment,  but  as  one  of  them  was 
needed  for  future  breeding  purposes,  the  record  and 
slaughtering  test  is  confined  to  one  animal.  This  was  a 
common  Florida  cow  of  the  larger  class,  though  at  tbe 
time  of  the  beginning  of  the  test,  she  had  received  no 
food  except  such  as  she  picked  up  for  herself  on  the 
woods  range  for  some  months.  She  was  ten  years  old, 
and  thin  to  the  point  of  emaciation.  To  meet  Florida 
conditions  hammock  pasture,  supplemented  with  an 
occasional  feeding  of  pea  vine,  velvet  bean,  or  crab-grass 
hay,  furnished  the  coarse  fodder,  and  no  shelter  was 
supplied  or  needed  during  the  feeding  period,  which 
included  75  days,  ending  February  19,  1899.  Although 
the  experiment  is  adapted  to  local  conditions,  and  is  be- 
lieved to  Dossess  practical  usefulness  for  range  cattle 
owners,  the  actual  ration  consumed  cannot  be  accurately 
determined.  The  animal  in  question  was  fed  all  the 
cassava  she  would  consume,  and  the  amount  thus  fed  to 
her  averaged  12  pounds  per  day. 

This  was  supplemented  by  two  pounds  of  cotton  seed 
meal,  added  as  a  source  of  protein,  and  the  actual  mar- 
ket value  of  the  materials  thus  consumed  is  incorporated 
in  the  table  in  which  the  results  are  presented. 
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FATTENING  BEEP  UPON  CASSAVA. 

Live  weight  at  beginning  of  period 450  pounds 

Live  weight  at  end  of  period 726  pounds 

Gross  gain 272  pounds 

Dressed  weight  at  end  of  period 502  pounds 

Amount  of  cotton  seed  meal  consumed  per 

day 2  pounds 

Amount  of  cotton  seed  meal  consumed  for 

period 150  pounds 

Amount  of  cassava  consumed  per  day 15  pounds 

Amount  of  cassava  consumed  for  period. . . .  1,125  pounds 

Value  of  increased  weight $11.04 

Cost  of  feed  consumed 2.62 

Profit $8.42 

The  result  of  the  feeding  therefrom  was  an  actual 
profit  of  59.10  per  cent,  on  an  investment  for  seventy- 
five  days.  It  is  true,  that  no  allowance  was 
made  for  the  labor  involved  in  the  care  and  feeding 
of  the  animal.  This,  however,  was  very  slight  and  de- 
volved upon  a  man  having  charge  of  20  other  animals 
who  still  found  time  for  much  additional  labor.  There 
can  hardly  be  any  question,  therefore,  that  here  again, 
cassava  converted  into  the  form  of  a  human  food  be- 
comes most  decidedlj  '*a  money  crop." 

The  results  of  this  feeding  test  simply  add  other  evi- 
dence to  that  already  possessed  by  every  cassava  grower 
in  Florida,  as  to  its  value  as  a  stock  food.  The  illustra- 
tions of  the  carcass  of  the  cow,  on  which  the  test  was 
made  and  of  the  porter-house  cut  of  the  same,  together 
with  a  full  page  illustration  of  the  Station  dairy  htrd, 
taken  at  the  time  when  cassava  was  the  chief  constituent 
of  our  daily  ration,  furnished  ample  demonstration  of  this 
fact 
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When  it  is  recalled  in  this  oonnection  that  there 
are  over  200,000  head  of  range  cattle  in  Florida,*  and  that 
hundreds  of  thousands  of  acres  of  superior  pasture  lands 
still  remain  unoccupied;  further,  that  these  cattle  are 
nearer  the  Chicago  markets  than  are  the  great  ranges  of 
Montana  and  Wyoming  and  possess  an  easy  control  of 
home  markets  and  the  new  markets  of  Cuba,  beside  the 
advantages  of  direct  water  communication  with  the 
markets  of  Europe,  the  bearing  of  these  facts  becomes 
apparent. 

Every  beef  animal  in  Florida  can  be  put  in  the  condi- 
tion of  western  stall-fed  cattle  by  the  simple  use  of  cas- 
sava at  a  mere  fraction  of  the  cost  to  the  corn  feeders 
of  the  West. 

C— CASSAVA  AS  A  RAW  MATERIAL  FOR  MANU- 
FACTURING PURPOSES. 

It  now  becomes  necessary  to  refer  again  to  the  com- 
position of  cassava,  since  its  utilization  in  manufactures 
rests  solely  on  the  extraction  of  certain  of  its  constitu- 
ents. 

There  are  two  products  for  which  this  crop  offers  su- 
perior material,  namely:  Starch  and  glucose.  The 
former,  however,  is  the  only  product  thus  far  actually 
commercially  produced  from  cassava  in  this  country. 
The  starch  supply  of  the  world  has  heretofore  depended 
upon  potatoes  and  corn  as  raw  materials.  By  compar- 
ing the  actual  yields  of  starch  from  these  three  raw  mate- 
rials in  the  factory  we  find  that  the  average  amount  of 
starch  produced  is  as  follows: 

Com,  53  per  cent. 
Potatoes,  17  per  cent. 
Cassava,  20  per  cent. 


*  rhe  oennu  of  1835  givee  the  total  number  of  cattle  in  the  State  as  469.425.    Of 
theie  probably  more  than  one-half  are  aotnaily  on  ranges. 
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An  acre  yielding  40  bushels  of  corn  would  at  this  rate 
produce  1,187  pounds  of  starch,  while  an  acre  of  cassava 
producing  six  tons  would  yield  2,400  pounds  of  starch. 
Two  other  conditions,  however,  must  be  considered  as 
bearing  upon  the  economy  of  manufacture,  namely:  The 
ing  upon  the  economy  of  manufacture,  namely:  The 
relative  cost  of  the  raw  material  supplied  in  these  differ- 
ent forms,  and  the  cost  of  manufacturing  of  the  finished 
product. 

Ou  the  former  point  the  market  value  of  the  three 
different  sources  of  starch,  and  the  amount  of  starch 
produced  by  each  furnish  a  correct  basis  for  estimating 
the  relative  value  of  each  crop  for  this  purpose.  At  the 
present  price  of  corn  and  potatoes  in  Chicago,  which  is 
a  starch  and  glucose  producing  center,  and  of  cassava,  at 
De  Land,  Fla.,  where  the  only  cassava  starch  factory  in 
the  world  is  located,  we  find  that  unmanufactured  starch 
in  the  form  of  corn,  at  45  cents  per  bushel,  costs  4  cents 
per  pound,  and  the  same  material  in  the  form  of  pota- 
toes at  50  cents  per  bushel,  costs  the  manufacturer  6 

cents  per  pound,  while  cassava  yields  raw  starch  at  1  cent 
per  pound. 

It  thus  appears  that  cassava  is  to-day  the  cheapest 
known  source  of  starch,  costing  at  present  market  values 
of  raw  material  only  about  one-fourth  as  much  as  iis 
nearest  competitor. 

The  matter  of  the  relative  cost  is  one  for  which  no 
actual  data  exist,  other  than  the  experience  of  the  sin- 
gle company,  which  has  had  two  years  experience  in  the 
manufacturing  of  cassava  starch.  The  process,  however, 
with  the  latter  crop,  is  essentially  the  same  as  that  in  use 
by  potato  starch  manufacturers,  and,  therefore,  ihe  higher 
starch  yield  and  greater  freedom  from  impurity  should 
render  the  process  less  expensive  and,  therefore,  more 
remunerative. 
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In  this  connectioii  it  should  be  stated  that  cassava 
starch  possesses  certain  properties  not  found  in  other 
starches,  which  seem  to  make  it  a  favorite  in  the  markets 
into  which  it  has  been  introduced;  so  that  there  appears 
to  be  a  steadily  growing  demand  for  the  product  at  prices 
considerably  higher  than  are  quoted  for  other  starches. 

I  may,  with  propriety  add,  that  Mr.  B.    Bemmers, 

managing  director  of  the  De  Land  factory,  has  extended 

to  me  many  courtesies  in  coiiiiection  with  this  phase  of 

the   industry,   and  placed   information   at   my  disposal 

which  would  not  b6  expedient  to  make  public,  whicJj,  how- 
ever, tends  to  strengthen  my  conviction  that  a  very  great 

future  lies  before  this  industry,  wherever  cassava  can  be 

successfully  grown,  and  such  experienced  and  competent 

technical  control  of  the  details  of  manufacture  as  are 

evidenced  at  De  Land  can  be  made  available. 

As  the  character  of  starches  from  different  sources 
and  the  uses  to  which  they  may  be  put  depend  chiefly 
on  the  structure  of  the  starch  grain,  and  as  these  proper- 
ties are  the  clue  to  substitutions  and  adulterations  of 
different  starch-containing  materials,  I  have  thought  it 
desirable  to  introduce  plates  showing  the  formation  of 
cassava  starch  as  it  appears  under  the  microscope,  in 
comparison  with  similar  illustrations  prepared  from  the 
other  chief  southern  starch  yielding  qrops. 

The  other  product  for  which  cassava  offers  induce- 
ments to  manufacturers  is  glucose.  The  value  of  any 
raw  material  for  this  purpose  depends  on  its  content  of 
starch,  since  the  manufacture  is  chiefly  a  mere  conversion 
into  glucose  by  means  of  chemical  action. 

Not  only,  therefore,  does  the  high  yield  of  starch  in 
cassava  place  it  prominently  before  manufacturers  as  a 
probably  new  raw  material  for  the  great  glucose  indup 
try,  at  present  practically  dependent  upon  corn,  Dut, 
moreover,  cassava  contains  two  other  constituents  wor- 
thy of  consideration  in  this  connection,  namely:  its  3  per 
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cent,  of  sugar  against  the  0.4  per  cent  in  com  and  1.68 
per  cent,  of  fiber,  as  compared  with  2.20  per  cent,  of 
corn. 

Both  of  these  materials  are  convertible  into  glucose, 
and  therefore,  increase  the  possible  output  of  the  latter 
product 

Manufacturers  are  now  considering  the  iinpiirtauce 
of  these  facts,  and  there  is  good  reason  for  expecting 
the  erection  of  at  least  two  glucose  factories  in  the  n*ar 
future,  which  will  depend  on  cassava  for  th?ir  raw 
material. 

With  either  starch  or  glucose  manufactured  from 
cassava,  there  must  necessarily  result  very  large  (|uan- 
tities  of  waste  products,  which  would  be  found  \uluable 
aa  either  stock  foods  or  for  fertilizing  purposes.  In 
either  case  the  chief  of  these  would  be  the  pulp  which 
contains  most  of  the  cassava,  except  that  Its  starch  has 
disappeared. 

The  analyses  of  several  of  these  products  from  the 
starch  factory  have  been  made  expressly  for  this  bulletin, 
and  are  now  presented. 

There  is  another  product  of  cassava  of  considerable 
commercial  importance,  which,  however,  is  at  j/resent 
produced  only  in  tropical  America,  from  the  poisonous 
variety  of  the  root.  This  is  tapioca,  the  name  for  which 
is  derived  from  the  Indian  name  of  the  plant,  mandioc, 
from  which  the  term  mandioca  is  applied  to  the  product, 
which  by  transmission  has  received  the  commercial  name 
of  tapioca.  Though  this  material  has  become  so  im- 
portant an  article  of  food,  the  cost  of  its  production  by 
the  semi-civilized  labor  of  South  America  is  so  much  less 
than  is  possible  under  the  labor  conditions  .>f  Florida, 
that  it  is  not  probable  that  tapioca  in  the  near  future 
will  become  an  important  product  of  our  State,  except 
for  family  consumption. 
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The  process  of  tapioca  making  is  simple.    The  root 

is  pealed  and  grated,  and  then  macerated  in  water  with 

constant  agitation,  or  stirred  until  the  starch  granules 

are  separated  from  the  fiber,  which  latter  floats  on  the 

surface  of  the  water,  and  is  thus  removed;    or,  better 

jet,  is  strained  from  the  water,  by  means  of  a  sieve, 

through  which  the  starch-milk,  so  called,  passes,  leaving 
the  fiber  behind.    This  starch-milk,  which  is  simply  an 

emulsion  of  starch,  allows  the  latter  to  gradually  settle, 
when  the  water  may  be  poured  off,  leaving  the  si  mi- 
solid,  moist  starch  behind.     This  latter  is  quickly  dried 

"by  Intense  heat,  the  South  American  Indians  dipping 
large  iron  shovels  into  the  moist  starch  and  then  revolv- 
ing them  before  open  fires,  the  heat  of  which  compels  the 
starch  to  assume  the  granular  semi-lucid  appearance 
known  as  tapioca,  in  which  form  it  becomes  so  desirable 
xin  article  of  food,  an  essential  ingredient  of  so  many 
wholesome  desserts,  and  is  so  frequently  eaten  with  little 
thought  or  knowledge  as  to  origin  or  source  of  supply. 

FEEDING  CASSAVA. 

As  shown  by  the  analysis  in  Table  II,  and  as  already 
sov<*ral  times  stated  on  previous  pages,  cassava  predomi- 
nates in  carbo-hydrate,  or  fattening  constituents,  and  ?« 
nates  in  carbo-hydrate,  or  fattening  constituents,  and  is 
lacking  in  protein,  or  flesh-forming  constituents.    That 

the  crop,  therefore,  may  be  utilized  to  the  best  advantage, 
it  becomes  necessary  to  revert  to  the  fact  that  animals 
are  able  to  extract  the  greatest  amount  of  nutriment 
fi'om  their  foods  only  when  these  two  constituents  exist 
in  certain  relations  to  each  other  as  to  amount  or  propor- 
tion, and  that  this  i)roportion,  or  relation,  between  pro- 
tein constituents  and  carbo-hydrate  constituents  is 
termed  the  nutritive  ratio  of  the  food,  and  foods  are  said  to 
possess  a  wide  ratio  or  a  narrow  ratio,  according  as  the 
proportion  of  carbo-hydrates  is  large  or  small.     Cassava 


* 


* 


•  •• 


1  **  I 


*     ■ 

•  * 


38 

range  is  available.  The  composition  of  dry  winter  range^ 
or  fall  pasture  grass,  however,  would  not  very  materially 
vary  from  that  of  cured  hay,  so  that  in  the  arrangement  of 
rations  one  may  be  substituted  for  the  other  as  is  most 
convenient  or  best  suits  the  condition  or  surroundingi^ 
of  the  feeder. 


I 
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TABLE  V. 


FOOD   CONSTITUENTS  OF  CASSAVA   AND    OTHER 

FEED-STUFFS. 
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DOMESTIC  USE   OF   CASSAVA. 

The  compositiou  as  given  ia  Table  11,  taken  togftbcr 
with  the  results  of  the  animal  feeding  tests  recorded  are 
sufficient  to  establish  the  wholsomeness  and  nutritive 
quality  of  the  root. 

Articles  for  human  consumption,  however,  must  pos- 
sess one  other  property  in  order  to  recommend  them- 
selves to  public  favor,  namely:  flavor,  or  agreeable  ta?»te. 
This  quality  is,  however*  possessed  by  cassava  in  a  liigh 
degree. 

Raw,  it  is  pleasant  and  wholesome,  though  not  csi^e- 
cially  desirable.       It  is  far  more  palatable  than   raw 

Irish  potatoes,  though  possibly  not  so  much  as  carrots  or 
flat  turnips.  Roiled  or  fried,  it  is  a  mo«t  n\itritio»is  sub- 
stitute for  either  sweet  or  Irish  potatoes.  If  boiled  and 
then  fried  or  baked,  it  is  a  decidedly  desirable  addition 
tothe  variety  upon  any  table.  As  an  article  of  human 
food,  however^  it  meets  with  chief  favor  when  converted 
in  to  some  form  in  which  its  characteristics  are  somewhat 
disguised.  It  must  borne  in  mind  that  this  is  equally 
true  of  potatoes,  pumpkins,  flour  and  many  com- 
mom  foods.  It  may  be  briefly  dried  by  means  of  the 
sun,  oven,  or  evaporator,  when  sliced,  cut  with  a  root 
cutter,  or  even  a  spade,  into  thin  slices,  and  then  be 
reduced  to  flour  by  grinding.     This  flour  is  extremely 

nutritious,  and  a  palatable  substitute  for  all  cereal  flours 
and  meal-*,  and  may  be  t;sei  either  by  it-elf  or  as  ati  ad- 
mixture with  the  products  of  ground  grains.  Rread. 
biscuit,  batter  cakes  and  all  similar  articles  may  be  made 
from  this  cassava  flour  in  the  same  way  that  other 
flour  would  be  used. 

The  grated  root  assumes  an  appearance  somewhat 
resembling  cocoanut,  and  forms  an  excellent  basis  for 
pies  and  puddings.  That  its  use  may  be  facilitated,  I 
have  thought  it  advisable  to  incorporate  several  success- 
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ful  and  favorite  recipes  for  cassava  dishes  as  patterns 
and  suggestions  of  its  proper  preparation. 

RULES  FOR  COOKING. 

CASSAVA  PUDDING.— Grate  about  one  pound  of 
cassava  root,  moisten  with  a  little  water,  allow  to  stand 
15  minutes;  drain  off  one-half  cupful  ot  the  starch 
solution  settling  at  the  bottom  of  the  mass,  add  one 
pint  of  milk  and  three  or  four  beaten  eggs,  one  ounce  of 
butter,  with  sugar  and  nutmeg  to  taste;  bake  like  ordi- 
nary custard. 

CASSAVA  PULP  PUDDING.— Take  one  cupful  of 
grated  cassava,  three  cups  of  milk,  and  boil  five  minutes; 
add  three  beaten  eggs,  one-half  cup  of  sugar,  and  flavor 
to  taste;  bake  one-half  hour.  This  makes  a  pudding  suf- 
ficient for  six  persons. 

CASSAVA  FRITTERS.— Grate  one  pound  of  cas- 
sava root,  add  salt  to  taste,  and  one  teaspoonful  of  baking 
soda;  soften  with  milk  or  water,  and  fry  like  any  other 
fritters. 

CASSAVA  BATTER  CAKES.— Mix  one-half  grated 

cassava  with  one-half  corn  meal  or  flour,  add  milk  or 

water  to  desired  degree  of  thinness,  two  beaten  eggs,  and 
fry  like  ordinary  batter  cake.  Use  baking  powder  or 
sour  milk  and  s  )da,  as  with  flour. 

IN  CON(^LUSION  the  writer  desires  to  acknowledge 
the  cooperation  and  assistance  rendered  by  the  Biological 
and  Chemical  Departments  of  the  Station  and  to  return 
thanks  to  Profs.  Rolfs  and  Miller  for  the  same.  I  desire 
also  to  express  my  obligation  to  Mr.  M.  G.  Donk  for 
assistance  in  analytical  work,  and  to  Miss  Lucia  McCul- 
loch  for  micro -photographic  work. 

H.  E.  STOCKBRIDGE. 
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BY-PRODUCTS  FROM  THE  CASSAVA  STARCH 

INDUSTRY. 

The  residues,  or  bi-products,  resulting  from  the  man- 
ufacture of  starch  and  glucose   from   potatoes  and   corn, 
possess  very  material  value  for  feeding  or  fertilizer  pur- 
poses, indeed  the  bi-products  from  the  glucose  industry, 
where   com  is  the  raw  material  used,   are  recognized  as 
standard  articles  of  cattle  food.     It  is  reasonable   to   sup- 
pose that  the  residue  resulting  from  the  manufacture  of 
starch  from  cas&ava  would  possess  value  for  this  purpose 
and  analyses  have,  therefore,  been  made  of  the  bi-products. 
from  the  DeLand  factory  which  are  here  presented : 

ANALYSIS  OF  WASH   WATERS    FROM   CASSAVA 

FACTORY. 

Water 99.  G4  per  cent. 

Volatile  Matter 30        '* 

Potash 05 

Phosphoric  Acid 03        ** 


ANALYSIS  OF  FINE  CASSAVA  PULP. 

Water 93.23  per  cent. 

Volatile  Matter 0.G6 

Potash 16 

Phosphoric  Acid .38 

Nitrogen .32 


4  I 


ANALYSIS  OF  COARSE  CASSAVA  PULP. 

Water 80.14  per  cent^ 

Volatile  Matter 10.73 

Potash OP) 

Phosphoric  Acid .O'J 

Nitrogen .45 
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ANALYvSIS  OF  CASSAVA  BARK  RESIDUE. 

Water • 79  60  per  cent. 

Volatile  Matter 18.19 

Potash 1.43 

Phosphoric  Acid .12        ** 

Nitrogen .75 


(4 


The  essential  facts  to  which  attention  should  be  called* 
in  connection  with  the  above  analyses  seem  to  be  as  follows  r 
That  although  these  materials  have  already  been  utilized 
to  some  extent  by  farmers  living  in  close  proximity  to  the 
factory,  if  they  are  to  become  of  general  use  and  value, 
their  physical  condition  must  be  materially  changed  as- 
they  contain  altogether  too  much  water  to  render  their 
transportation  and  use  economical. 

The  amount  of  organic  matter  and  of  nitrogen  found 
in  the  two  different  cassava  pulps  would  indicate  that,  if 
properly  freed  from  most  of  the  water  present,  as  could  be 
easily  done  by  draining  or  pressure,  they  would  possess 
very  considerable  value  as  stock  foods.  This  could  not  be 
otherwise,  in  view  of  the  fact  that  the  process  of  starch 
manufacture  removes  almost  nothing  but  starch  from  the- 
cassava  and  that  even  some  two  per  cent,  of  the  starch  re- 
mains in  the  residue,  the  water  content  of  which,  however, 
has  been  very  largely  increased  by  addition  of  the  water 
necessary  for  removing  the  starch  from  the  root. 

*  The  materials  in  their  present  form  can  hardly  be  con— 
sidered  as  commercial  products,  and  definite  values  either 
for  fertilizing  or  for  feeding  purposes  can  hardly  be  given 
them.  The  analyses,  however,  are  important  as  showing 
the  feeding  and  fertilizing  constituents  present  which 
would  become  very  valuable  if  made  more  available  by 
removal  of  the  excess  of  water  introduced  during  the  pro- 
cess of  manufacture. 
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IMPORTANT   FACTS. 

1.  No  cassava  grown  in  Florida  possesses  any  poison- 
ous character. 

2.  The  crop  is  perfectly  adapted  to  all  parts  of  Flor- 
ida, and,  in  general,  to  the  hard  pine  lands  of  the  Gulf 
States. 

3.  It  thrives  best  on  moderately  fertile,  light  sandy- 
loam  soils,  on  which  it  withstands  drought  better  than  any 
other  staple  crop. 

4.  It  produces  most  abundantly  with  only  moderate 
applications  of  fertilizer,  the  application  per  acre  producing 
the  best  results  on  the  Station  farm  containing  62>^  lbs.  of 
acid  phosphate,  150  lbs.  of  cotton  seed  meal  and  37>^  lbs. 
of  muriate  of  potash,  having  approximately  a  percentage 
composition  of  2.6  per  cent,  of  phosphoric  acid ,  3  per  cent, 
of  nitrogen  and  5  per  cent,  of  potash. 

5.  There  seems  to  be  no  advantage  in  divided  applica- 
tions of  this  fertilizer,  the  crop  being  able  to  utilize  it  all 
without  waste  from  one  application. 

6.  The  planting  two  pieces  of  seed  cane  in  each  hill  is 
recommended  as  assuring  a  good  stand,  most  complaints  of 
failure  at  securing  fatisfactory  stands  being  the  result  of 
too  little  seed  or  of  the  use  of  poor  seed. 

7.  The  crop  is  easily  harvested  from  the  soils  to  which 
it  is  best  adapted.  It  may  be  preserved  without  injury  for 
some  months  after  harvesting,  but  is  usually  more  conven- 
iently used  directly  from  the  field  in  which  it  grew. 

H.  There  is  no  difficulty  in  preserving  seed-cane  when 
placed  in  beds,  the  ground  being  freshly  plowed  for  the 
purpose,  if  the  butt  ends  of  the  canes  all  touch  the  ground 


45 

and  a  good  covering  of  hay,  moss  or  straw  is  placed  next 
the  canes  and  further  covered  with  a  light  layer  of  soil. 

9.  Cassava  contains  a  larger  amount  of  carbo-hydrat 
food  constituents,  or  fat  forming  material,  than  is  found  in 
any  other  staple  crop. 

10.  To  secure  the  best  results  from  its  feeding,  addi- 
tions of  small  quantities  of  cotton  seed  meal,  cow-peas  or 
velvet  beans,  whereby  the  proportion  of  protein  is  in- 
creased, are  recommended. 

11.  In  feeding  pigs,  meat  may  be  produced  from  cas- 
sava at  a  cost  of  about  1  cent  per  pound.  The  average 
cost,  under  identical  conditions  with  other  feed-stuffs,  is 
more  than  3  cents  per  pound. 

12.  Cassava  proves  itself  a  most  superior  beef  fatten- 
ing food.  The  cost  of  live  weight  beef  produced  by  feed- 
ing cassava  is  1.1  cents  per  pound,  and  in  seventy-five  days 
a  profit  of  59.10  per  cent,  was  made  by  fattening  beef  upon 
cassava. 

13.  As  a  raw  material  for  the  manufacture  of  starch, 
six  tons  of  cassava  produces  2,400  pounds  of  commercial 
starch,  as  against  J, 200  pounds  obtainable  from  forty  bush- 
els of  com. 

14.  Cassava  is  a  palatable  and  nutritious  human  food, 
capable  of  being  utilized  in  many  ways,  and  furnishing  a 
most  desirable  domestic  substitute  for  many  imported  ar- 
aticles. 
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SUMMARY. 


Comparative  tests  of  fertilizers  on  pineapples  have  not  been 

heretofore  reported. 
The  pineapple  fields  on  the  spruce  pine  land  afford  an  ideal 

soil  for  testing  the  effects  of  fertilizers. 
The  results  thus  far  obtained  are  decisive  so  that  no  close 

discriminations  were  required. 
The  experiments  have  been  in  progress  for  eighteen  months 

with  more  than  gratifying  results. 
The  experiments  should  be  continued  for  at  least  five  years 

and  also  duplicated. 
The  experiments  indicate  that  the  fertilizers  used  to  supply 

ammonia  stand  in  the  following  order,  beginning  with  the 

best:    (i)  blood  and  bone,  (2)  nitrate  of  soda,  (3)  cotton 

seed  meal,  (4)  sulphate  of  ammonia. 

7.  The  potashes  stand  in  the  following  order:    (i)  potassium- 

magnesiut.i  carbonate,  (2)  low  grade  sulphate  of  potash, 
(3)  high  grade  sulphate  of  potash,  (4)  muriate  of  potash, 
(S)  kainit. 

8.  Bone  meal  is  very  much  better  than  acid  phosphate. 

9.  The  normal  formula  in  this  Bulletin  is  an  arbitrary  basis 

upon  which  to  begin  work.  The  experiments  indicate  that 
the  following  formula  is  nearer  correct  for  new  spruce  pine 
land  and  probably  for  all  lands — ammonia  4  per  cent.,  pot- 
ash 6  per  cent,  and  phosphoric  acid  i  per  cent. 

10.  There  is  a  certain  amount  of  ammonia,  of  potash  and  of 

phosphoric  acid  which  if  applied  to  the  soil  proves  of 
greatest  benefit  to  the  plants ;  any  variation,  either  a  de- 
crease or  an  increase  of  any  one  or  more  of  these  fer- 
tilizers will  be  disadvantageous. 

1 1 .  The  amount  of  ammonia,  of  potash  and  of  phosphoric  acid 

which  may  be  applied  to  the  soil  to  produce  the  best  re- 


suits  varies  with  the  different  sources  from  which  it  is  ob- 
tained. 

12.  There  is  a  certain  aimount  of  ammonia,  of  potash  and  of 

phosphoric  acid  which  produces  the  greatest  freeze-re- 
sistance  in  pineapple  plants;  any  increase  or  decrease  of 
any  one  or  more  of  the  ingredients  produce  a  less  freeze- 
resistant  plant. 

13.  Freeze-resistance  varies  with  the  sources  from  which  the 

ammonia  and  potash  is  obtained. 

14.  Caution.    Any  one  using  a  fertilizer  that  is  satisfactory  should 

g^ve  the  new  fertilizer  a  year's  trial  on  a  small  area  of 
typical  soil. 


PINEAPPLE  FERTILIZERS. 


INTRODUCTION. 


The  pineapple  plant  is  a  native  of  Tropical  America.  Con 
sequently  the  history  of  its  cultivation  does  not  date  back  of  1492. 
While  this  fruit  has  been  considered  a  luxury  from  the  first,  its 
cultivation  on  a  large  scale  has  been  somewhat  tardy.  During 
the  earlier  times  after  its  discovery,  it  was  grown  as  a  hot  house 
plant  in  various  European  countries,  but  only  to  a  limited  ex- 
tent, the  cost  of  its  production  being  so  great  that  only  the 
favored  few  were  able  to  propagate  it. 

In  the  West  Indies  it  has  been  grown  on  a  commercial  scale 
for  many  years,  thriving  there  without  special  protection  or  cul- 
tivation. From  these  islands  the  plants  were  gradually  dissemi- 
nated to  the  Keys  of  Florida  and  finally  to  the  main  land.  The 
increase  in  production  on  the  Florida  coast  has  been  somewhat 
slow  until  quite  recently.  According  to  Prof.  Webber*  the  total 
number  of  pines  raised  in  Florida  during  the  year  1894  was 
about  3,000,000  fruits,  or  56,209  whole  barrel  crates.  In  1895 
there  were  22,835  whole  barrel  crates  shipped  from  Florida. 
Since  then  the  crop  has  been  increasing  rapidly  again,  but  this 
year  it  has  again  been  severely  reduced  by  the  freeze  of  last 
February. 

The  area  of  the  State  in  which  pineapples  are  being  grown 
is  also  rapidly  extending.  Formerly  it  was  thought  that  only  the 
East  Coast  was  adapted  to  the  raising  of  pines.  Later  they  were 
introduced  into  the  Avon  Park  and  Fort  Myers  section.  Now 
they  are  being  planted  more  or  less  extensively  at  Orlando,  the 


*Report  Florida  State  Horticultural  Society,  1896,  page  93. 
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St.  Petersburg  Peninsula,  along  the  Manatee,  at  Citra,  and  at 
DeLand. 

In  the  more  northern  localities  they  are  carefully  protected 
from  frosts  by  sheds*  and  fires.  The  most  rapid  increase  in 
acreage  has  been  along  the  East  Coast  on  the  Indian  river,  and 
it  is  probable  that  this  will  continue  to  be  pre-eminently  the  pine^ 
apple  section  of  Florida.  The  rapid  transportation  facilities  af- 
forded by  the  East  Coast  Railway  have  had  a  stimulating  effect 
upon  the  increase  of  acreage  of  this  fruit  in  that  section. 

In  the  body  of  this  bulletin  the  details  of  the  experiments 
have  been  reported  as  fully  as  seemed  practicable.  This  is  done 
for  the  benefit  of  the  pineapple  growers  who,  as  a  whole,  are 
thoroughly  interested  in  this  work,  and  will  necessarily  find  much 
information  in  these  details  that  could  not  be  brought  out  cleariy 
in  general  statements. 

All  details  that  seemed  confusing  have  been  placed  nearest 
to  the  part  to  which  they  relate  so  they  need  not  be  considered 
until  the  facts  contained  in  them  are  needed  for  a  clear  under- 
standing. A  considerable  amount  of  field  notes  have  been 
abridged  but  it  is  hoped  that  this  abridgement  has  in  no  wise 
nrade  the  text  matter  less  clear  or  definite.  That  there  is  much 
which  is  not  entirely  clear  to  those  not  engaged  actively  in  pine- 
apple growing  is  evident,  but  it  is  hoped  that  those  who  are  ac- 
tively engaged  in  growing  pines  will  find  no  difficulty  in  under- 
standing the  thoughts  intended  to  be  conveyed.  With  it  all, 
there  are  many  important  questions  that  occur  to  those  who 
think  on  this  subject  that  neither  science  nor  practice  is  able  to 
answer. 

The  complete  report  of  the  work  also  assures  the  pine- 
apple growers  that  the  conclusions  must  not  be  accepted  as 
dogmatic  truths.  Before  the  whole  work  can  be  considered  as 
finished  the  experiments  will  have  to  be  tried  repeatedly  and 
under  varying  conditions.  Unfortunately  the  cost  of  carrying 
on  complete  experiments  was  heavier  than  the  Experiment  Sta- 
tion could  undertake.    Consequently  only  about  one-third  of  the 


*Fla.  Exp.  Sta.  Bui.  37,  p.  397. 


work  has  been  undertaken,  but  this  has  been  sufficiently  com- 
plete that  valuable  deductions  can  be  made  from  it. 
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SOILS. 

From  a  geological  standpoint  Florida  is  of  very  recent  ori- 
gin, especially  is  it  true  of  that  portion  south  and  east  of  a 
line  drawn  from  Jacksonville  to  Tampa.  We  are  told  that  at 
one  time  all  of  this  portion  of  Florida  was  part  of  the  great  sea 
bottom,  not  very  deep,  and  that  coral  reefs  formed  along  the 
shore.  As  these  gradually  accumulated  material,  soil  was  built 
up  by  Mangrove  trees  and  other  vegetables  arresting  the  sand 
which  was  finally  blown  higher  by  wind,  forming  sand  dunes. 
Later  another  reef  would  form  outward  in  the  sea  repeating  the 
process  cited  above.  Finally  we  have  as  the  latest  one  formed 
the  island  outside  of  the  Indian  river,  thus  making  the  land 
to  the  west  of  the  Indian  river  and  east  of  the  Glades  of  com- 
paratively very  recent  origin.  Careful  examination  of  the  soil 
shows  that  the  whole  section  along  the  East  Coast  is  decidedly 
of  marine  origin. 

ORIGIN  OF  SOILS  ANALYZED. 

The  following  table  of  chemical  analysis*  of  Brevard  county 
soil  indicates  very  clearly  that  it  is  deficient  in  all  of  the  essential 
elements  of  plant  food.  By  comparing  this  further  with  other 
soils  in  various  parts  of  Florida,  it  will  be  noticed  that  it  con- 


*A.  A.  Persons,  Bulletin  43,  Florida  Agricultural  Experiment  Station, 
pg.  664. 
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tains  much  coarse  earth  (sand),  and  that  it  is  especially  low  in 
humus  and  nitrogen,  and  as  noted  above,  it  is  also  wanting  in 
potash  and  phosphoric  acid.  Samples  numbers  12  and  13  were 
selected  by  Mr.  S.  T.  Carrow  of  Sewell's  Point.  Numbers  21  and 
22  were  selected  by  Mr.  L.  B.  Dowson  of  Narrows. 

HILIGARD'S  AVERAGE  OF  SOILS  AND  PINEAPPLE 

SOIL  COMPARED. 

Prof.  Hiligard  states  that  soils  containing  less  than  one- 
tenth  of  one  per  cent,  of  either  lime,  potash  or  phosphoric  acid 
may  be  regarded  as  being  deficient  in  that  particular  substance, 
or  substances.  Appended  is  a  table  giving  that  average  chemi- 
cal composition  of  466  soils  taken  from  the  humid  portion  of  the 
United  States.*  Applying  this  standard  to  our  Florida  pine- 
apple soils,  we  would  find  them  exceedingly  deficient  in  the  es- 
sential constituents  for  plant  growth. 


Potash. .    ..    .. 

Lime 

Phosphoric  acid 
Magnesia  ...  . 
Nitrogen 


iHilgard's 


average 
of  Soils. 


FLORIDA   PINEAPPLE   80SL8.* 


Per  Ct. 

0.216 
.108 

•113 
.225 


Per  ct. 
.0168 
.5180 
.0298 
.0251 
.0319 


Per  ct.  [ 
.0230 

2.5083 
.0489 
.0342 
.0042 


Mean  of 
all 


Perct. 
.0199 

1.5131 

■0393 
.0296 

.0181 


MECHANICAL  ANALYSIS  OF  SOILS  AND  SUBSOILS-** 

Any  person  having  travelled  over  the  section  of  Florida  in 
which  pineapples  are  grown  will  have  been  struck  by  the  course 
texture  white  color  of  the  soil.    While  no  very  large  pieces  of 


♦Compiled  from  table  on  pg.  664,  Bulletin  42,  Fla-  Agrl.  Ex.  Sta. 
»*  Milton  Whitney,  U.  S-  D.  A.,  Division  of  Soils,  Bulletin  13,  page  20. 
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gravel  are  found  within  it  there  are  still  some  decidedly  coarse 
grains.  Appended  is  a  table  giving  a  physical  average  of  analy- 
ses of  a  number  of  samples  of  the  West  Palm  Beach  pineapple 
soil  from  the  Bulletin  No.  13,  A  Preliminary  Rfeport  on  the  Soils 
of  Florida,  by  Prof.  Milton  Whitney,  Chief  of  the  Division  of 
Soils,  U.  S.  D.  A. 


MECHANICAL  ANALYSIS  OF  SOILS  AND  SUBSOILS.* 


WK8T  PALM 
BEACH 

"lUneipple 


ROCKLRDOE 


••Spruce- Pine 
Scrub" 


Soil      ^.  ^ull 

O.-uln.  6-38  in. 

depth  I  depth 

or    I      of 


Moisture  in  air,  dried  sample 

Organic  matter 

Gravel  (2-1  mm) 

Coarse  sand  (1-0.5  ^^) 

Medium  sand  (0.5-0.25  mm) 

Fine  sand  (0.25-1  mm) 

Very  fine  sand  (0.1-0.05  ^^) 

Silt  (0.05-0. 1  mm) 

Fine  silt  (0.01-0.005  mm)   .. 
Clay  (0.005-0.0001    mm)    ... 


15 

.07 

1. 21 

•31 

•23 

.06 

3  02 

308 

61. 1 1 

57  50 

33  76 

37.78 

•54 

•59 

.22 

•07 

.06 

•13 

•50 

•52 

.15 

1.06 

.65 

12.36 
41.42 

41.18 
2.40 

.16 

.06 

.35 


0.25 

0.45 

0.66 

9.07 
32.58 
52.13 

3.26 

0.23 
0.18 
0.51 


By  comparing  the  table  of  the  chemical  analysis  of  the  soil 
and  subsoil  the  eye  is  at  once  struck  by  the  smallness  of  the 
amount  of  moisture  present  in  air  dried  sample  of  the  soil.  Also 
with  the  low  organic  contents.  Just  how  it  is  that  the  pineapple 
plant  can  thrive  in  such  soil  that  seems  to  be  exceedingly  defi- 
cient in  all  the  necessary  qualifications  of  good  land  has  not 
been  explained.  It  will  probably  be  necessary  to  institute  care- 
ful physiological  experiments  with  the  plant  itself  before  the 
matter  shall  be  thoroughly  understood. 


^Div.  Soils,  U.  S.  D.  A.  BuL  13,  p.  28.  (Averages.) 
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SPRUCE  PINE  Ax\  INDEX  OF  PINEAPPLE  SOIL. 

While  chemical  analyses  and  physical  analyses  of  the  soil 
have  given  us  no  sure  index  by  which  we  may  choose  soil  for 
pineapple  growing  we  have  another  means  of  determining  tnis, 
which  is  much  less  expensive,  and  at  the  same  time  quite  reliable. 
This  is  by  observing  the  native  vegetables  upon  the  piece  of  land 
in  question.  The  native  spruce  pine  land  with  a  fairly  good 
spmkling  of  hard  wood,  such  as  hickory  and  scrub  oaks,  can  al- 
ways be  relied  upon  as  being  land  that  will  produce  a  good  field 
of  pines,  other  conditions  being  favorable.  This  kind  of  an  index 
is  not  confined  to  the  pineapple  land  by  any  means.  The  ham- 
mock lands  of  Florida  have  long  been  known  to  be  of  superior 
quality  for  raising  oranges  and  vegetables.  First  class  pine  land 
also  gives  good  results.  So  that  all  we  have  to  do  is  to  go  to 
nature  and  ask  her  the  question,  and  if  we  are  sufficiently  tauglit 
we  may  read  the  answer.  Hundreds  of  thousands  of  pineapple 
plants  have  been  set  out  upon  flat  woods  lands,  also  upon  low 
spruce  land;  while  now  and  then  some  of  these  fields  succeed 
90  per  cent.  fail. 

LOCATING  THE  EXPERIMENTS. 

During  the  fall  of  1897  the  Experiment  Station  decided  to 
undertake  some  comparative  tests  of  the  effects  of  different  fer- 
tilizer ingredients  upon  pineapples.  In  studying  the  situation, 
before  going  into  the  field  it  became  very  evident  that  the  East 
Coast  of  Florida  was  pre-eminently  the  section  devoted  to  the 
growing  of  pineapples.  It  was,  therefore,  thought  that  this  would 
be  the  best  place  to  locate  the  experiments.  Inquiries  were  made 
as  to  where  the  most  suitable  field  could  be  obtained,  the  Ex- 
periment Station  agreeing  to  plan  the  experiments,  furnish  the 
fertilizer,  and  superintend  its  application,  and  the  pineapple 
grower  was  to  furnish  the  field  in  which  the  experiments  were 
to  be  conducted.  The  fruit  to  belong  to  the  pineapple  grower, 
but  the  Experiment  Station  was  to  have  the  right  to  ascertain 
the  quantity  and  quality  of  the  fruit.  The  readiness  witli  which 
the  pineapple  growers  responded  to  these  requests  was  certainly 
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commendable.  In  less  than  a  week's  time  more  than  a  hundred 
acres  of  pineapples  that  were  thought  to  be  in  proper  conditions 
for  experimenting  upon  were  offered  to  the  Experiment  Station. 
After  discussing  the  matter  carefully  with  disinterested  people 
and  with  those  who  were  thought  to  be  fully  familiar  with  dif- 
ferent locations  and  conditions,  it  was  finally  decided  to  accept 
the  plot  offered  by  Messrs.  Balentine  and  Moore  near  Jensen. 

DESCRIPTION  OF  THE  FIELD. 

This  field  is  located  at  Chetolah  station  immediately  west  of 
the  railroad  track.  The  land  was  formerly  covered  with  spruce 
pine  with  a  mixture  of  a  few  trees  of  scrub  oaks  and  hickories. 
It  had  been  cleared  of  nearly  all  the  stumps  and  most  of  the 
trash  removed,  much  of  it  being  burned  on  the  field.  As  a 
whole  the  field  presented  a  very  even  appearance,  the  west  end 
being  well  upon  the  hill,  the  east  end  near  the  railroad  track. 
After  the  clearing  the  field  had  been  broken  up  and  raked  over, 
no  fertilizer  being  applied  before  the  plants  were  set.  The  plants 
were  set  out  during  the  summer  of  1897  in  lands  running  north 
and  south,  varying  from  29  to  33  plants  deep,  and  107  to  118 
rows  from  north  to  south.  The  paths  between  the  lands  are 
about  four  feet  wide.  The  plants  are  set  in  checks  aibout  22 
inches  each  way. 

The  surface  of  the  soil  is  of  the  ordinary  white  sand  so  com- 
mon along  the  East  Coast.  The  hill  upon  which  the  field  is 
located  rises  gradually  to  the  height  of  probably  30  to  40  feet. 
In  no  portion  of  the  experiment  plots  is  the  rise  abrupt.  While 
the  land  as  a  whole,  is  somewhat  more  productive  at  the  foot  of 
the  hill,  there  is  no  abrupt  variation,  excepting  those  few  small 
spots  which  are  always  apparent  in  fields.  As  a  whole  the  loca- 
tion and  field  must  be  regarded  as  being  as  nearly  ideal  for 
experiment  work  as  could  be  well  obtained  without  selecting  the 
virgin  land  and  preparing  it  from  the  beginning  with  this  end 
in  view.  More  fertile  lands  could  easily  have  been  secured,  but 
these  conditions  would  tend  to  vitiate  the  very  resuU  at  which 
we  were  aiming,  viz,  the  effect  of  certain  fertilizers  and  certain 
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fertilizer  combinations  upon  the  plants.  The  point  we  were 
aiming  at  was  so  well  stated  by  a  visitor  to  the  field  that  his 
quotation  will  bring  out  the  facts  exactly.  "I  didn't  come  here 
to  see  fine  pineapples.  I  can  raise  those  myself,  but  I  came  here 
to  see  what  fertilizer  is  detrimental  to  pineapples  and  what  is 
beneficial  to  them  so  I  can  use  the  cheapest  and  receive  in  return 
the  greatest  yield.  Then,  again,  I  want  to  see  what  is  detri- 
mental so  I  can  avoid  that.  We  all  know  that  there  are  many 
more  bad  fertilizers  than  good  ones,  and  these  experiments 
ought  to  prove  why  they  are  bad." 

OBJECT  OF  THE  EXPERIMENTS. 

The  above  short  talk  expresses  the  abject  of  the  experiment 
so  well  that  it  hardly  need  be  repeated.  We  must  emphasize 
the  fact  that  under  the  conditions  of  the  soil  employed  we  should 
not  expect  to  find  a  majority  of  the  plots  coming  out  favorably. 
If  50  per  cent,  of  the  experiment  plots  had  given  fine  growth  of 
the  pineapple  plants  it  would  have  been  a  very  discouraging  ex- 
periment indeed,  from  the  standpoint  of  fertilizer  tests,  as  it  would 
have  indicated  that  the  cause  of  much  trouble  in  pineapple  fields 
must  be  sought  in  an  enntirely  difSerent  line,  but  the  fact  that  a 
few  plots  have  given  unusual  returns,  a  few  quite  favorable  re- 
turns, a  few  good  returns,  a  few  indifferent,  and  a  large  percent- 
age either  bad  or  very  bad,  indicates  very  clearly  that  this  is 
an  unusually  profitable  field  for  investigation.  The  experiments 
being  located  on  soil  that  is  practically  devoid  of  plant  food, 
there  was  no  other  source  from  which  the  pineapples  could  de- 
rive their  nourishment.  Had  productive  land  been  accepted, 
many  of  the  plots  that  are  now  classed  as  5th  and  6th  rate  would 
have  gone  into  higher  classes,  some  doubtless  to  the  ist  class, 
thus  defeating  the  very  result  sought. 

We  must  dismiss  from  our  minds  all  ideas  of  having  an  ideal 
pineapple  field  when  we  are  seeking  facts  in  regard  to  the  effects 
of  fertilizer.  To  produce  a  perfect  field  is  the  object  of  every 
pineai>ple  grower,  and  the  Experiment  Station  wishes  to  ascer- 
tain WHY  he  fails. 

Bui.  40—2 
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FERTILIZERS. 

One  of  the  most  difficult  problems  in  connection  with  mod- 
ern horticulture  is  to  ascertain  just  what  commercial  fertilizer 
can  be  applied  to  best  advantage  to  any  particular  crop.  The 
whole  subject  is  of  such  recent  origin  that  we  have  not  yet  had 
time  to  settle  this  matter  very  definitely.  A  typical  pineapple 
field  under  ordinary  conditions  in  Florida  is  pre-eminently  an 
ideal  place  for  experimenting  with  these  substances.  From  the 
foregoing  discussion  of  the  chemical  analyses  of  the  soil  the 
thoughtful  reader  will  have  discovered  that  we  have  here  an 
almost  insoluble  medium  in  which  the  plants  rest.  Any  addition 
to  the  soil  must,  therefore,  react  directly  upon  the  pineapple 
plants.  The  whole  field  is  nearly  in  such  condition  as  the  scien- 
tific workers  desire  to  have  for  studying  the  effects  of  plant  food. 
The  experimenter  thus  having  almost  insoluble  medium  in  which 
to  grow  plants  may  add  the  commercial  fertilizers  in  such  quan- 
tities and  combinations  as  he  desires.  The  pineapple  soil  being 
practically  insoluble  the  disturbing  agent,  if  any  exists,  n\ust  be 
contained  in  the  fertilizer.  Thus  having  such  ideal  conditions  the 
work  of  these  experiments  was  begun  with  enthusiasm  that  was 
only  surpassed  by  that  experience  as  the  work  progressed. 

OPINIONS  OF  FERTILIZERS.  % 

There  is  probably  no  greater  diversity  of  opinion  on  any 
subject  than  in  regard  to  the  kind  of  commercial  fertilizer  to  be 
used.  Every  pineapple  grower  seems  to  have  a  favorite  fertilizer 
house  and  a  favorite  brand  of  fertilizers.  By  turning  to  the  re- 
ports of  the  State  Chemists  from  various  portions  of  the  United 
States  one  is  astonished  by  the  number  of  different  brands  of 
fertilizers  that  are  placed  on  the  market.  The  number  in  the 
United  States  as  a  whole  would  reach  up  into  the  thousands. 
It  will,  therefore,  be  seen  that  it  would  be  a  hopeless  task  to  ex- 
periment with  any  private  brand,  as  it  likewise  would  be  of  no 
value.  A  fertilizer  house  of  good  standing  among  the  vegetable 
growers  of  Florida  during  the  winter  of  '97  and  '98  used  sul- 
phate of  ammonia  as  a  main  source  of  its  nitrogen.    This  same 
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house  selling  the  fertilizer  under  the  same  name  and  for  practi- 
cally the  same  price  six  months  later  used  nitrate  of  soda  as  the 
main  source  of  nitrogen.  Of  course  there  was  nothing  wrong 
in  the  change  from  sulphate  of  ammonia  to  nitrate  of  soda,  as  the 
fertilizer  house  had  not  agreed  to  use  either  one  or  the  other  as  a 
source  of  nitrogen,  and  it  was  to  the  interest  of  the  firm  to  use 
whatever  material  was  the  cheapest.  So  far  as  we  know  the 
vegetable  growers  were  served  as  well  in  one  case  as  in  another, 
but  if  this  same  change  should  be  made  in  pineapple  fertilizer  the. 
matter  would  be  quite  different.  It,  therefore,  becomes  impera- 
tive for  pineapple  growers  to  know  not  only  what  the  analysis  of 
their  fertilizer  is,  but  also  just  what  the  source  of  each  fertilizer 

ingredient  is. 

Before  beginning  the  experiments  upon  pineapples  diligent 

inquiry  was  made  among  as  many  pineapple  growers  as  could  be 
interviewed,  and  notes  taken  upon  their  advice  and  recommen- 
dations in  regard  to  fertilizers.  A  compilr'ion  of  their  opinions 
was  found  to  give  very  contradictory  information.  Some  general 
points  were  conceded  b}  a  considerable  majority.  The  most 
striking  of  these  is  that  a  mixture  of  cotton  seed  r/  !al  and  to- 
bacco dust  are  useful  for  placing  in  the  bud  of  young  plants  to 
keep  them  from  '"sanding,"  and  to  destroy  the  red  spider.  An- 
other opinion  that  acid  phosphate  is  not  a  good  substance  to 
use  in  connection  with  pineapples  seems  to  be  quite  general. 

A  considerable  number  of  prominent  growers  advocate  the 
use  of  cotton  seed  meal  as  a  source  of  nitrogen.  Nitrate  of  soda 
does  not  seem  to  stand  well ;  still  it  has  advocates  and  admirers. 
Sulphate  of  ammonia  comes  in  for  a  generous  share  of  commen- 
dation. The  use  of  blood  and  bone  is  advised  by  a  number  of 
prominent  growers.    Bone  meal  has  very  few  admirers. 

As  a  source  of  potash,  high  grade  sulphate  of  potash  seems 
to  be  the  greatest  favorite.  Low  grade  sulphate  of  potash  has 
some  strong  advocates.  Kainit  is  condemned  by  most  of  the 
growers.  Muriate  of  potash  has  but  few  admirers.  There  are 
only  a  very  few  people  who  advocate  the  use  of  no  potash  at  all. 

To  enumerate  the  private  brands  that  receive  commenda- 
tion would  almost  be  equal  to  enumerating  all  that  are  being  sold. 
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On  the  .other,  hand  to  enumerate  those  private  brands  which  are 
condemned  by  some  pineapple  growers  would  likewise  be  equal 
to  enumerating  all  the  private  brands  sold.  Some  of  this  trouble 
is  doubtless  the  fault  of  the  grower  and  some  of  the  trouble 
must  be  the  fault  of  the  fertilizer  houses.  The  fact  cited  before 
that  certain  fertilizer  houses  change  the  ingredients  used  in  their 
fertilizer  without  giving  the  information  to  their  purchaser  makes 
a  certain  brand  good  at  one  time  and  bad  at  another.  Of  course 
there  is  no  implied  or  stated  agreement  that  the  house  shall  use 
any  one  form  of  nitrogen  or  any  particular  kind  of  potash.  As 
a  rule  their  statements  in  regard  to  the  composition  of  their  fer- 
tilizers are  so  general  that  nearly  any  substance  may  be  used  as  a 
source  of  ammonia,  and  most  of  the  forms  of  potash  may  be  in- 
terchanged and  possibly  exclude  acid  phosphate. 

The  compilation  of  opinions  from  various  pineapple  growers 
mentioned  above  gave  authority  for  condeming  any  form  of  am- 
monia that  was  offered  for  sale  on  the  market.  Also  any  form 
of  potash  that  was  being  sold.  Under  these  conditions  the  dili- 
gent inquirer  after  opinions  found  himself  decidedly  at  sea.  On 
the  other  hand  as  stated  above  it  is  not  difficult  to  find  people 
of  more  than  local  standing  to  advocate  the  use  of  any  form  of 
commercial  fertilizers  that  were  on  the  market.  Undoubtedly 
most  of  the  opinions  are  founded  upon  experience,  costing  the 
grower  a  considerable  amount  of  money. 

DISCUSSION  OF  FERTILIZERS  USED. 

AMMONIA.  I 

COTTON    SEED    MEAL. 

This  substance  is  so  common  to  our  market,  and  has  been- 
of  such  general  use  that  every  one  seems  to  know  what  it  is. 
Not  many  years  have  passed  since  this  product  was  regarded  as 
a  waste  and  in  the  way.  Sometimes  the  substance  is  added  to  the 
soil  in  the  form  of  whole  seeds ;  that  is,  the  whole  cotton  seed 
without  having  the  oil  expressed.  This,  however,  is  a  waste  of 
labor  and  material  inasmuch  as  the  oil  it  contains  is  of  little  Dr  no- 
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value  as  a  fertilizer,  and  makes  up  a  very  considerable  portion  of 
the  weight  of  the  cotton  seed.  After  the  oil  has  been  expressed 
the  remaining  material  is  ground  up  in  fine  flour  known  on  the 
market  as  cotton  seed  meal.  The  price  of  cotton  seed  meal  is 
quite  constant,  bright  cotton  seed  meal  being  slightly  higher 
priced  than  the  dark.  The  difference  in  prices  represents  ac- 
curately the  difference  in  value  as  a  fertilizer. 

As  a  source  of  nitrogen  for  pineapples  we  would  not  con- 
sider it  as  of  first  class  value,  especially  for  spruce  pine  land. 
Low  spruce  pine  land,  long  leaf  pine  land,  and  the  close  compact 
soils  generally  give  fair  returns  for  the  cotton  seed  meal  used  as 
a  source  of  ammonia.  As  a  first  application  to  keep  plants  from 
being  "sanded"  (see  appendix)  it  is  of  decided  value,  but  for 
later  applications  it  stands  rather  low  in  the  the  list  of  those  fer- 
tilizers which  are  sources  of  ammonia.  Some  very  excellent 
fields  of  pineapples  have  been  produced  with  nothing  else  than 
cotton  seed  meal,  but  this  can  not  be  continued  indefinitely. 
The  pineapple  grower,  who  finds  cotton  seed  meal  a  source  of 
ammonia  for  his  particular  piece  of  land,  should  not  change  the 
source,  except  as  an  experiment,  until  he  is  convinced  that  there 
is  a  better  form.  Besides  being  a  source  of  ammonia,  cotton 
seed  meal  contains  a  small  quantity  of  potash  and  phosphoric 
acid,  but  these  quantitiies  are  really  too  small  to  be  taken  into 
consideration  when  we  are  fertilizing  on  typical  pineapple  land. 

DRIED  BLOOD. 

This,  too,  was  formerly  a  refuse  and  one  which 
created  more  or  less  disturbance  at  packing  houses.  Chemical 
investigation  showed  that  blood  was  rich  in  ammonia,  and  con- 
sequently the  dried  product  would  give  a  fertilizer  of  great  value. 
It  contains  about  twice  as  much  ammonia  as  cotton  seed  meal, 
being  thus  a  concentrated  form,  and  sells  for  about  twice  the 
price.  To  the  pineapple  grower  this  is  quite  an  item,  especially 
in  view  of  the  fact  that  all  of  the  fertilizer  has  to  be  applied  by 
hand. 
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BLOOD  AND   BONE. 


This  substance  was  formerly  produced  from  refuse  meat, 
bone  and  blood  of  the  packing  houses  collected  in  vats,  dried 
and  ground,  making  more  or  less  a  finely  divided  stinking  sub- 
stance. This  has  met  with  so  much  favor  tnat  the  price  has 
gone  up  to  a  considerable  more  than  the  real  value  as  a  ferti- 
lizer for  ordinary  crops. 

BLOOD  AND  BONE  AND  TAX IC.-.C.::. 

Tankage  is  the  contents  of  the  stomach  and  intestines  of 
slaughtered  animals.  This  material  is  collected  in  vats,  dried  and 
pulverized.  Its  value  as  a  fertilizer  is  small.  In  more  recent 
years  the  packing  houses  have  mixed  with  the  tankage  a  certain 
amount  of  dried  blood  and  ground  bone.  This  has  been  placed 
upon  the  market  as  blood  and  bone,  giving  us  an  odorless,  or 
nearly  so,  blood  and  bone.  It  was  this  variety  of  the  blood  and 
bone  that  was  used  upon  the  experiment  plots. 

NITRATE  OF  SODA. 

This  substance  is  known  by  various  names  in  various  por- 
tions of  the  world.  The  term  nitrate  of  soda,  however,  is  so 
generally  applied  to  it  in  this  country  that  the  others  need  not 
be  considered.  This  is  mined  in  Chili' from  natural  deposits  in 
several  places  of  that  country.  It  is  useful  mainly  as  a  source 
of  ammonia ;  one  that  is  quickly  available,  especially  to  the  pine- 
apple plant.  Experiments  in  connection  with  the  use  of  nitrate 
of  soda  as  a  source  of  ammonia  indicate  that  it  must  be  used 
with  some  precaution.  It  has  a  strong  afHnity  for  water,  and  may 
destroy  plants  that  we  seek  to  fertilize  if  applied  in  large  doses. 
In  using  this  substance  for  pineapples  or  any  other  plant  we 
should  apply  a  little  at  a  time,  and  apply  it  frequently.  In  the 
experiments  this  was  not  done,  because  of  a  desire  to  keep  the 
work  as  uniform  as  possible,  and  to  keep  it  in  the  line  with  the 
work  that  was  usually  being  carried  out  by  the  pineapple  grow- 
ers. 

Fertilizer  houses  usually  employ  this  as  a  source  of  quickly 
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available  ammonia,  using  cotton  seed  meal  or  dried  blood  as  a 
form  to  be  more  slowly  available.  This  seems  to  give  an  ideal 
way  of  preparing  the  fertilizer,  but  it  must  be  done  with  some 
reservation,  as  more  recent  experiments  indicate  that  a  very 
considerable  portion  of  the  ammonia  may  be  changed  to  a  form 
not  available  when  several  of  these  compounds  are  mixed.  Usu- 
ally nitrate  of  soda  is  the  cheapest  form  of  ammonia. 

SULPHATE  OF  AMMONIA. 

Great  quantities  of  sulphate  of  ammonia  are  manufactured  in 
England,  from  where  we  receive  the  greatest  amount  of  this 
material.  In  the  burning  of  coke  in  the  coal  districts  a  gas  rich 
in  nitrogen  is  given  off.  This  is  arrested  in  retorts  and  deposited 
as  ammonium  sulphate,  or  sulphate  of  ammonia,  as  it  is 
called  on  the  market.  This  is  the  most  concentrated  form  of 
ammonia  which  we  have  for  fertilizing  purposes,  containing 
nearly  25  per  cent.  For  many  plants  it  has  a  decided  advantage 
over  nitrate  of  soda,  but  for  the  pineapple  plant  on  high  spruce 
land  we  must  consider  it  as  of  low  fertilizing  value.  This  is  some- 
what of  a  surprise,  especially  in  view  of  the  fact  that  it  has  proven 
itself  so  valuable  in  connection  with  other  fruits. 

POTASH. 

METHODS    OF    PREPAPING    HIGH-GRADE    POTASH    SALTS.* 

"The  potassium  chloride  [muriate  of  potash]  is  prepared  by 
leaching  the  carnallite  or  other  crude  salts  containing  potassium 
chloride,  either  with  hot  water,  or  a  hot  concentrated  solution 
of  magnesium  chloride  in  such  proportions  as  to  dissolve  the 
potassium  and  magnesium  chlorides  but  not  the  common  salt. 
On  cooling  this  solution  to  70  deg.  C.  and  and  allowing  it  to 
remain  for  some  time,  the  potassium  chloride  is  deposited  in  a 
crystalline  form.  A  second  crop  of  crystals  is  also  obtained  by 
cooling  the  mixture  to  usual  temperatures.     On  concentrating 


*Wiley,  Dr.  H.  W.,  Yearbook,  U.  S.  D.  A.,  1896,  p.  119. 
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the  residual  mother  liquor,  another  crystalline  deposit,  consisting 
of  mixed  potassium  and  magnesium  chlorides,  is  obtained,  which 
can  be  added  to  the  crude  salt  and  re-treated  as  above.  The 
crystals  of  potassium  chloride  obtained  by  the  first  two  crystalli- 
zations are*  washed,  drained,  dried,  and  packed  for  shipment. 
By  repeated  evaporations,  crystallizations  and  resolution,  about 
85  per  cent,  of  the  potassium  chloride  is  finally  obtained,  only 
about  15  per  cent,  being  lost  in  the  waste  waters.  Even  those 
waters  are  evaporated  and  sold  for  fertilizing  purposes  to  nearby- 
farmers. 

"Potassium  sulphate  is  most  easily  prepared  by  treating  the 
chlorine  compounds  of  potash,  obtained  as  already  described, 
with  sulphuric  acid.  Free  hydrochloric  acid  is  generated  by  this 
treatment,  which  may  be  collected  in  cold  water  in  the  usual 
way. 

"The  double  sulphate  of  potash  and  magnesia  is  made  for 
commercial  purposes  from  the  impure  kainite  as  it  comes  from 
the  mines.  A  saturated  solution  of  the  crude  kainite,  made  with 
water  under  pressure  at  a  temperature  of  250  deg,  C,  will  deposit 
the  double  sulphate  in  fine  crystals  on  cooling. 

"Potassium  carbonate  is  made  from  the  chloride  [muriate] 
or  sulphate  by  roasting  the  salts  with  finely  divided  charcoal 
and  carbonate  of  lime.  By  this  process  potassium  carbonate  is 
formed,  which  can  be  extracted  by  lixiviation.  For  fertilizing 
purposes  this  salt  is  used  chiefly  for  tobacco." 

KAINIT. 

This  is  a  mineral  salt  composed  of  potassium  sulphate,  mag- 
nesium sulphate,  magnesium  chloride,  and  a  small  amount  of 
potassium  chloride.  These  salts  are  mixed  in  various  propor- 
tions. It  was  thought  that  this  was  deposited  from  sea  water. 
The  largest  mines  are  located  at  Stassfurt,  Germany.  These  are 
being  worked  extensively  and  produce  the  kainit  brought  to  the 
United  States.  As  the  composition  of  this  salt  varies  considera- 
bly so  the  color  of  it  varies  somewhat  from  a  dirty  gray  to  a 
yellowish-red  mass. 

For  some  crops  it  can  not  be  used  profitably  as  a  fertilizer, 
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because  of  the  amount  of  chlorine  contained  within  it.  Other 
crops,  however,  are  benefited  by  an  application  of  this  potassium 
salt.  Pineapples  are  injured  by  its  application,  probably  not 
because  of  the  presence  of  chlorine  in  the  composition,  but  it 
may  be  for  some  other  reason.  At  the  present  time  we  simply 
know  that  the  substance  is  injurious. 

SULPHATE  OF  POTASH,  LOW  GRADE. 

This  is  also  known  on  the  market  by  the  name  of  double 
potash  salts,  being  a  sulphate  of  potash  and  of  magnesia.  Its 
origin  is  from  kainit.  By  washing  and  several  forms  of  treat- 
ment double  salts,  sulphate  of  potash  and  sulphate  of  magnesia, 
are  secured.  This  substance  on  our  market  ranges  usually  from 
22  to  26  per  cent,  of  potash,  or  what  is  frequently  labelled  44  to 
50  per  cent,  sulphate  of  potash.  This  simply  means  that  the  total 
amount  of  sulphate  of  potash  is  44  to  50  per  cent.,  while  the 
amount  of  actual  potash  is  only  from  22  to  26  per  cent. 

The  sulphate  of  magnesia  in  this  mixture  is  thought  to  be 
of  special  value  in  connection  with  certain  crops.  It  seems  to  be 
of  some  importance  in  connection  with  fertilizing  of  pineapples, 
as  is  indicated  by  the  experiments. 

SULPHATE  OF  POTASH,  HIGH  GRADE. 

This  potash  salt  is  a  still  more  refined  product  than  the 
sulphate  of  potash,  low  grade,  being  the  most  refined  product  in 
the  process  of  refining  sulphate  of  potash  salts,  double  salts, 
or  low  grade  sulphate  of  potash,  containing  the  residual  impuri- 
ties. Sulphate  of  potash,  high  ^ade,  frequently  contains  as 
much  as  98  per  cent,  sulphate  of  potash  or  an  equivalent  of  53 
per  cent,  of  actual  potash,  though  as  a  rule  the  amount  of  potash 
is  somewhat  lower  than  this,  and  for  practical  purposes  we  would 
find  about  50  per  cent,  the  right  figure  to  consider.  For  many 
plants  this  grade  of  potash  is  very  superior.  For  pineapple  it 
stands  among  the  good  potash  salts,  but  is  somewhat  lower  in 
the  scale  than  low  grade  sulphate  of  potash. 
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MURIATE  OF  POTASH. 


As  was  Stated  before  kainit  is  the  direct  product  of  nature 
occuring  in  that  form  in  the  earth.  This  substance  is  mined 
and  washed,  and  further  treated  when  finally  the  muriate  of  pot- 
ash results  as  a  product.  While  most  of  the  muriate  of  potash, 
which  is  found  on  our  market  contains  about  50  per  cent,  of 
actual  potash,  there  are  some  forms  of  muriate  of  potash  that 
are  slightly  higher,  but  for  practical  purposes  we  may  re- 
gard them  as  containing  about  50  per  cent,  of  actual  potash. 
Frequently  labels  state  that  the  substance  is  95  to  98  per  cent, 
pure.  This  does  not  mean  that  it  contains  95  to  98  per  cent, 
potash,  which  would  be  a  physical  impossibility,  but  simply 
means  that  it  contains  95  to  98  per  cent,  of  muriate  of  potash. 

For  many  crops  muriate  of  potash  is  the  cheapest  form  ofi 
potash  fertilizers.  If  the  pineapples  are  to  be  used  at  home  or 
sold  in  local  markets  we  will  probably  find  muriate  of  potash  a 
little  better  than  the  sulphate  of  potash,  from  the  fact  that  it 
adds  very  consider«tbly  to  the  sweetness  of  the  pineapple.  On 
the  other  hand  it  makes  a  very  tender  apple,  and  one  that  is  very 
liable  to  "plug,"  and  does  not  ship  very  well. 

POTASSIUM-MAGNESIUM   CARBONATE. 

This  form  of  potash  has  also  its  origin  in  kainit.  It  contains 
about  18  per  cent,  of  actual  potash.  It  has  not  been  offered  to 
the  southern  trade  so  we  can  not  say  just  what  the  prices  would 
be,  but  we  are  assured  that  the  price  per  unit  of  the  actual  pot- 
ash will  be  the  same  as  that  in  other  potash  salts.  This  salt 
being  a  carbonate  it  is  in  the  same  form  as  the  potash  present 
in  ashes.  They  have  been  considered  a  favorite  source  of 
potash  for  pineapples,  and  it  was  for  this  reason  that  the  car- 
bonate of  potash  was  used  in  the  experiments.  By  referring  to 
the  photographs  and  tables  it  will  be  seen  that  this  form  of 
potash  has  thus  far  proved  itself  superior  to  any  other  form.  It 
should,  however,  be  used  for  a  number  of  years,  say  five  or  ten, 
before  it  can  be  recommended  without  reservation.  The  pres- 
ent indications  are,  however,  that  not  only  will  the  plants  be 
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fairly  pfoductive,  but  that  the  fruit  will  be  of  good  size  and  have 
good  shipping  qualities  together  with  excellent  flavor. 

EFFECTS  OF  DIFFERENT  KINDS  OF  POTASH. 

A  number  of  people  have  expressed  their  surprise  that  the 
different  forms  of  potash  should  cause  such  a  variation  in  the 
size  of  the  plants  and  quality  of  fruit,  but  when  we  consider  the 
matter  from  a  chemical  standpoint,  we  are  really  more  surprised 
that  these  substances  which  are  so  radically  different  and  similar 
only  in  one  respect,  in  that  they  contain  potash  as  one  of  the 
elements,  should  give  results  so  nearly  alike.  In  the  case  of 
kainit  we  have  a  sulphate  of  potash  mainly  to  do  with,  but  be- 
side this  we  have  a  large  quantity  of  sodium  chloride  (table  salt) 
magnesium  sulphate,  magnesium  chloride  and  various  other  ma- 
terials. All  of  these  are  brought  into  the  soil,  some  of  them  in 
quantities  equal  to  that  of  the  fertilizer  constituent.  In  the  case 
of  sulphate  of  potash,  low  grade,  we  hav^  fewer  foreign  sub- 
stances introduced.  In  the  case  of  sulphate  of  potash,  high 
grade,  we  have  almost  a  pure  substance  composed  of  two  atoms 
of  potassium,  ojie  atom  of  sulphur,  and  four  atoms  of  oxygen. 
These  substances  must  be  decomposed  before  the  potash  can 
be  made  useful  to  the  plant.  In  the  case 'of  muriate  of  potash 
the  substance  is  quite  pure,  but  this  is  radically  different,  be- 
cause it  is  made  up  of  one  atom  of  potassium  and  one  atom  of 
chlorine.  Before  the  potash  can  be  utilized  in  building  the  plant 
tissue,  the  chlorine  has  to  be  separated  from  the  potassium.  In  the 
case  of  potassium-magnesium  carbonate  the  substance  is  quite 
impure,  containing  considerable  material  beside  that  which  is 
actually  wanted  by  the  plant,  it  being  made  up  most  largely 
of  potassium,  carbon,  oxygen  and  magnesia.  Before  the  potas- 
sium can  be  utilized  by  the  plant  it  must  be  separated  from  the 
carbon  and  oxygen. 

From  the  foregoing  discussion  it  will  be  seen  that  it  is  really 
surprising  that  the  plant  can  separate  the  desirable  elements 
from  those  that  are  not  essential,  especially  when  so  many  of 
them  are  introduced  with  the  essential  element,  potassium. 
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The  same  line  of  discussion  might  be  taken  up  in  the  case 
of  the  substances  which  give  us  ammonia,  but  this  whole  ques- 
tion would  really  require  a  volume  by  itself,  and  after  all  that 
we  know  about  it  should  have  been  written  we  would  find  that 
we  were  merely  beginning  to  learn  something  about  it. 

PHOSPHORIC  ACID. 

The  supply  of  phosphoric  acid  has  been  from  two  sources. 
First  that  of  bone  meal,  and  second  that  of  acid  phosphate  or 
dissolved  rock.  A  good  deal  has  been  said  about  tfie  presence 
of  free  sulphuric  acid  in  acid  phosphate  and  also  about  it  in 
dissolved  bone.  The  following  quotations  from  authorities  on 
this  subject  are,  therefore,  in  place : 

NO  SULPHURIC  ACID  IN  ACID  PHOSPHATE.* 

"In  practice  it^is  usual  to  take  less  than  the  theoretical 
quantity  of  sulphuric  acid,  so  as  to  be  sure  that  there  be  left  over 
in  the  superphosphate  mixture,  no  free  unconsumed  acid  which 
would  be  injurious  to  vegetation. 

"well  made  superphosphates  contain  no  free  acid.** 

"In  the  earlier  history  of  the  use  of  acid  phosphates,  or 
rock  superphosphates,  objections  were  urged  against  them,  and 
are  to  some  extent  at  the  present  time,  because  of  the  supposed 
deleterious  eflEects  of  the  acids  contained  in  them,  and  these  ob- 
jections were  undoubtedly  encouraged — certainly  not  discour- 
aged— by  those  manufacturers  who  used  only  genuine  bone  su- 
perphosphates. While  the  objections  on  this  ground  may  have 
had  some  basis  in  earlier  times,  before  their  manufacture  was 
well  understood,  there  can  be  no  rational  objection  to  their 
use  at  the  present  time,  when  they  are  properly  made ;  for  while 


♦Pickell.    Dr.  J.  M.,  Fla.  Exp.  Sta.  Bulletin  10,  page  15. 
**Voorhees,  E.  B.,  Fertilizers,  p.  69  (see  appendix.) 
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in  fresh  superphosphates  a  portion  of  the  phosphoric  acid  may 
be  in  the  form  of  'fresh'  phosphoric  acid,  this  form  in  ordinary 
superphosphates  is  practically  all  combined  with  lime  or  other 
minerals  before  it  is  placed  upon  the  market,  and  there  is  really 
no  more  'free'  acid  in  the  rock  superphosphate  than  in  any 
other.  It  is  quite  likely  this  erroneous  impression  arose  from  the 
fact  that  strong  sulphuric  acid  was  used  in  the  manufacture,  and 
the  belief  existed  that  it  remained  as  such.  No  free  sulphuric 
acid  exists  in  well  made  superphosphates.  The  sulphuric  acid  is 
combined  with  the  lime  to  form  gypsum,  as  already  described, 
and  the  free  phosphoric  acid  combines  with  the  lime  to  form 
either  a  soluble  or  a  reverted  form." 

BONE  MEAL. 

In  making  the  application  of  bone  meal  it  was  considered 
that  there  would  be  4  per  cent,  of  available  phosphoric  acid,  and 
the  amount  applied  was  guaged  accordingly.  The  origin  of  the 
bone  meal  is  probably  familiar  to  every  pineapple  grower.  Bones 
in  various  degrees  of  decomposition  from  those  of  the  animals 
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just  slaughtered  to  bones  that  have  been  bleaching  in  the  sun 
for  a  considerable  time  are  placed  in  mills  and  ground.  This 
material  is  then  put  upon  the  market  as  bone  meal.  It  is  re- 
duced to  various  degrees  of  fineness.  Sometimes  the  finer  forms 
are  known  as  bone  flour,  bone  dust,  etc.  Some  of  the  coarser 
forms  are  sometimes  spoken  cf  as  ground  bone  or  broken  bone. 
The  more  finely  divided  the  bone  the  better  it  is  for  the  use  of 
fertilizer.  The  fine  particles  being  incorporated  into  the  soil  and 
the  roots  coming  in  contact  with  these  the  process  of  absorp- 
tion begins. 

Bone  meal  has  been  used  for  fertilizer  for  many  years.  In 
the  European  countries  no  bones  are  allowed  to  go  to  waste  or 
be  destroyed,  but  they  are  carefully  gathered  and  either  broken 
into  pieces  or  ground  and  then  applied  as  fertilizer.  In  America 
the  industry  has  been  limited  to  within  the  last  decade  or  two. 
It  has  not  been  many  years  since  the  great  number  of  buffalo 
bones  wasting  on  the  prairies  have  been  collected  and  utilized. 


28 

It  has  been  difficult  to  establish  what  portion  of  bone  phos- 
phate in  ground  bones  is  really  available  to  plants.  Recently 
some  chemists  in  Germany  have  been  investigating  this  matter 
and  declare  that  bone  phosphate  is  not  available  as  plant  food, 
substantiating  their  position  by  a  great  number  of  experiments 
continued  through  many  years.  Later  come  equally  positive 
statements  that  seem  to  be  founded  on  good  evidence  that  a 
certain  amount  of  the  bone  phosphate  is  available  to  certain 
plants.  We  are  not  in  a  position,  therefore,  at  the  present  time 
to  say  definitely  that  the  vahie  of  bone  meal  exceeds  that  of  the 
ammonia  contained  in  it,  or  say  about  $12  per  ton.  The  ex- 
periments reported  in  this  bulletin  have  not  been  continued  a 
sufficient  length  of  time  to  allow  any  definite  conclusion  on  this 
to  be  drawn.  After  the  work  shall  have  been  continued  for  a 
period  of  five  or  ten  years  on  the  same  plots,  the  phosphoric  acid 
originally  in  the  soil  would  doubtless  be  entirely  exhausted,  and 
some  interesting  conclusions  may  be  possible.  At  the  present 
time,  however,  the  indications  are  that  bone  meal  for  some  rea- 
son or  other  has  a  value  as  a  fertilizer  beyond  that  expressed 
in  the  nitrogen  it  contains.  That  is,  those  plots  fertiHzed  with 
bone  meal  show  decided  advantage  over  those  being  fertilized 
with  otherwise  identical  material,  but  wanting  bone  meal.  In 
this  connection  it  is  interesting  to  note  that  the  position  held 
by  those  who  regard  the  phosphorc  acid  in  bone  as  not  avail- 
able to  plants,  is  based  principally  upon  the  work  by  Professors 
Maercker  and  SteflFek,  of  the  Halle  Exp.  Station,  Germany.  In 
New  Jersey  Exp.  Sta.  Report  for  1895,  pages  93-99,  we  find  some 
interesting  discussion  in  this  line.  The  authors  make  the  fol- 
lowing pertinent  statement:  These  studies  indicate,  first,  that 
on  the  average  more  than  one-fourth  of  the  phosphoric  acid  in 
bone  is  in  an  available  form ;  as  a  rule  the  finer  and  softer  the 
bone  the  greater  the  degree  of  availability. 

Even  after  it  has  been  definitely  settled  that  bone  phos- 
phate contains  no  phosphoric  acid  available  to  the  plants  origi- 
nally experimented  with  in  pot  cultures,  such  as  were  used  in 
•  Germany  under  the  artificial  conditions,  it  will  still  remain  a 
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question  to  be  solved  as  to  whether  the  phosphoric  acid  is  not 
available  to  the  pineapple  plants  under  the  conditions  of  our 
fields.  The  fact  that  pineapple  plants  will  flourish  in  soil  which 
from  a  chemical  standpoint  is  deficient  in  all  the  elements  which 
go  to  make  up  a  fertile  soil  and  in  a  soil  that  is  radically  different 
from  other  fertile  soils  in  physical  constitution  throws  us  into 
an  entirely  new  field  of  investigation. 

We  have  here  a  plant  which  increases  in  size  and  weight 
during  the  season  of  greatest  drought,  when  there  may  be  no 
rains  for  six,  eight,  and  at  times  ten  weeks,  in  a  soil  containing 
^'99.44  per  cent,  of  insoluble  residue  !'* 

During  the  dry  season  dews  are  usually  heavy,  giving  the  plant 
considerable  moisture,  which  is  conducted  to  the  root  system  by 
its  peculiarly  shaped  leaves.  Dew  formed  on  living  plants  has  been 
shown  to  contain  a  very  considerable  amount  of  carbonic  acid  in 
solution.  This  water  which  contains  carbonic  acid  in  solution 
is  a  much  better  solvent  of  tri-calcium  phosphate  than  pure  water. 
Is  it  not  possible  that  we  have  here  a  partial  explanation  of  the 
strange  fact  that  this  plant  may  flourish  in  a  soil  so  nearly  sterile  ? 

ACID  PHOSPHATE. 

The  pineapple  growers  of  Florida  are  so  familiar  with  the 
origin  and  treatment  of  phosphate  rock  to  produce  a  common 
acid  phosphate  for  our  market  that  a  repetition  of  that  would 
seem  almost  useless. 

The  phosphate  rock  is  taken  from  the  earth  either  mined  or 
dredged  from  beneath  water  in  creeks  and  rivers.  It  is  then 
washed  to  free  it  from  dirt.  The  rocks  are  then  subjected  to 
a  grinding  process,  thus  being  reduced  to  small  size,  afterwards 
to  the  condition  of  flour.  In  this  state  it  is  treated  with  sul- 
phuric acid  to  make  acid  phosphate,  superphosphate .  or  what 
may  be  called  available  phosphoric  acid.  The  substance  usually 
found  on  the  market  contains  from  6  per  cent,  to  14  per  cent,  of 
available  phosphoric  acid.  This  substance  has  been  used  for  a 
number  of  years  as  a  source  of  phosphoric  acid  in  fertilizers, 
but  pineapple  growers  have  gradually  discarded  its  use  in  con- 
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nection  with  pineapple  fertilizers.    In  connection  with  vegetables 
and  fruit  trees  its  value  can  hardly  be  denied. 

Many  of  the  pineapple  growers  believe  that  acid  phosphate 
was  detrimental  to  pineapples  on  account  of  free  sulphuric  acid 
being  used  to  make  the  phosphate  available.  This  conclusion  is 
not  borne  out  by  the  result  of  the  experiments.  In  those  plots 
which  were  supplied  with  phosphoric  acid  from  acid  phosphate, 
we  find  almost  without  exception,  in  sections  where  the  great- 
est quantity  was  supplied  it  is  slightly  different  (sometimes  bet- 
ter, sometimes  poorer)  than  where  the  least  quantites  had  been 
used.  If  the  difference  had  been  due  to  the  presence  of  the  sul- 
phuric acid  in  the  material  the  section  which  received  lOO  per 
cent,  more  of  acid  phosphate  would  have  been  decidedly  inferior 
to  those  in  which  only  one-half  of  the  amount  had  been  used. 

ANALYSIS  OF  FERTILIZERS  USED. 
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FORMULA  USED  AS  A  NORMAL  FERTILIZER. 

As  a  starting  point  upon  which  to  base  the  applications  of 
fertilizers  the  following  formula  was  used: 

Nitrogen    3  per  cent. 

Potash   7  per  cent. 

Available  phosphoric  acid  .  .  5  per  cent. 


^Sulphate  of  lime. 
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On  February  7  and  8,  1898,  an  amount  of  fertilizer  that 
would  be  equal  to  about  one  and  one-half  tons  of  the  above 
formula  was  used.  A  second  application  equal  to  about  two  and 
one-half  tons  per  acre  was  applied  June  27  and  28,  1898.  A 
third  application  equal  to  about  two  tons  of  the  above  formula 
was  made  November  4  to  12,  1898.  A  fourth  application  was 
being  planned  at  the  time  of  the  freeze  of  February  13,  1899. 
On  account  of  this  freeze  the  application  was  delayed  until  April 
I,  3  and  4,  1899.  At  this  time  an  amount  equal  to  about  one 
and  one-half  tons  of  the  above  formula  was  applied.  A  fifth 
application  of  the  same  quantity  was  made  July  6,  1899.  After 
the  freeze  of  February  13,  1899,  it  was  thought  best  to  reduce 
the  amount  of  fertilizer  to  be  applied  because  the  leaf  surface  of 
the  pineapple  plants  had  been  greatly  reduced. 

The  formula  used  as  a  basis  for  these  experiments  was  one 
suggested  by  Mr.  T.  V.  Moore.  The  amount  of  fertilizer  to  be 
used  as  standard  was  left  to  his  discretion,  and  the  fertilizer  was 
applied  as  nearly  as  practicable  at  the  time  he  suggested.  Mr. 
Moore  having  had  long  and  extensive  experience  in  pineapple 
growing,  his  suggestions  in  connection  with  the  experiments 
were  found  to  be  of  the  greatest  value,  especially  that  part  which 
is  connected  with  the  practical  growing.  In  short  this  experi- 
ment is  a  co-operative  one  in  which  Mr.  Moore  gives  the  Ex- 
periment Station  the  benefit  of  his  practical  experience,  and  the 
Experiment  Station  furnished  and  prepared  the  fertilizer.  For 
his  kindness  and  suggestions  in  many  ways  the  Experiment  Sta- 
tion is  under  many  obligations,  and  pineapples  growers  who 
find  themselves  benefitted  by  this  work  should  likewise  feel  that 
Mr.  Moore  deserves  credit  and  consideration  for  devotion  to 
their  interests. 

PLAN  OF  THE  FIELD. 

The  field  under  experimentation  contains  about  two  acres. 
All  plots  treated  with  incomplete  fertilizer  (one  in  which  one  or 
two  of  the  three  fertilizers,  nitrogen,  potash  or  phosphoric  acid 
is  wanting)  were  four  rows  wide  or  contained  about  a  one-hun- 
dredth acre.     All  plots  fertilized  with  complete  fertilizer  (one 

Rul.  40-3 
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containing  nitrogen,  potash  and  phosphoric  acid)  contain  about 
one-twentieth  acre. 

The  following  table  gives  the  exact  number  of  plants  to 
each  plot  and  the  amount  and  kind  of  fertilizer  applied  to  each 
plot  for  the  first  application,  February  7  and  8,  1898.  The  basis 
for  determining  the  amount  of  each  kind  of  fertilizer  is  stated 
on  page  30  under  the  discussion  of  chemical  analysis  of  a  Nor- 
mal Fertilizer.  The  chemical  analysis  of  each  ingredient  is 
given  on  page  30  giving  a  table  of  analyses  of  fertilizers  used. 

FORMULAE  FOR 


Application  i,  applied  February  7  and  8,  1898. 

LAND  I,  33  PLANTS  DEEP. 

Plot  I — 4  rows  (rows  1-4)  i-ioo  acre. 

8  lbs.  cotton  seed  meal. 
Plot  2 — 4  rows  (rows  4-8)  i-ioo  acre. 

8  lbs.  cotton  seed  meal. 

4  lbs.  sulphate  potash,  low  grade. 
Plot  3 — 24  rows  (rows  8-32)  1-20  acre. 

8  lbs.  cotton  seed  meal. 

20  lbs.  sulphate  potash,  low  grade. 

80  lbs.  bone  meal. 
Plot  4 — 4  rows  (rows  32-36)  i-ioo  acre. 

2  lbs.  cotton  seed  meal. 

16  lbs.  bone  mea  1. 
Plot  5 — 24  rows  (rows  36-60)  1-20  acre. 

40  lbs.  cotton  seed  meal. 

20  lbs.  sulphate  potash,  low  grade. 

30  lbs.  acid  phosphate. 
Plot  6 — 4  rows  (rows  60-64)  i-ioo  acre. 

8  lbs.  cotton  seed  meal. 

6  lbs.  acid  phosphate. 
Plot  7 — 4  rows  (rows  64-68)  i-ioo  acre. 

8  lbs.  cotton  seed  meal. 

2  lbs.  muriate  potash. 
Plot  8 — 24  rows  (rows  68-92)  1-20  acre. 

8  lbs.  cotton  seed  meal. 
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8  lbs.  muriate  potash. 
80  lbs.  bone  meal. 
15  1-2  rows  to  uncleared  land  not  fertilized 


LAND   2,  33  PLANTS  I)KKI». 

Plot  9 — 23  rows  (rows  1-23)  i-ioo  acre. 
40  lbs.  cotton  seed  meal. 
8  lbs.  muriate  potash. 
30  lbs.  acid  phosphate. 
Plot  10 — 4  rows  (rows  23-27)  i-ioo  acre. 

8  lbs.  cotton  seed  meal. 

8  lbs.  kainit. 
Plot  II — 24  rows  (rows  27-51  1-20  acre. 

8  lbs.  cotton  seed  meal. 

40  lbs.  kainit. 

80  lbs.  bone  meal. 
Plot  12 — 24  rows  (rows  51-75)  1-20  acre. 

40  lbs.  cotton  seed  meal. 

40  lbs.  kainit. 

30  lbs.  acid  phosphate. 
Plot  13 — 4  rows  (rows  75-79)   i-ioo  acre. 

8  lbs.  cotton  seed  meal. 

5  lbs.  potassum-magnesium  carbonate. 
Plot  14 — ^24  rows  (rows  70-103)   1-20  acre. 

8  lbs.  cotton  seed  meal. 

25  lbs.  potassium-magnesium  carbonate. 

80  lbs.  bone  meal. 
5  rows  to  uncleared  land  not  fertilized. 


LAND   3,    33    PLANTS    DEEP. 

Plot  15 — 25  rows  (rows  1-25)  i-ioo  acre. 

40  lbs.  cotton  seed  meal. 

25  lbs.  potassium-magnesium  carbonate. 

30  lbs.  acid  phosphate. 
Plot  16 — 4  rows  (rows  25-29)  i-ioo  acre. 

8  lbs.  cotton  seed  meal. 

2  lbs.  sulphate  potash,  high  grade. 
Plot    17 — 22  rows  (rows  29-51)  1-20  acre. 
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8  lbs.  cotton  seed  meal. 

8  lbs.  sulphate  potash,  high  grade. 

8o  lbs.  bone  meal. 
Plot  1 8 — 24  rows  (rows  51-75)  1-20  acre. 

40  lbs.  cotton  seed  meal. 

2  lbs.  sulphate  potash,  high  grade. 

30  lbs.  acid  phosphate. 
Plot  19 — 4  rows  (rows  75-79)  i-ioo  acre. 

2  lbs.  sulphate  ammonia. 
Plot  20 — 4  rows  (rows  79-83)  i-ioo  acre. 

2  lbs.  sulphate  ammonia. 

8  lbs.  sulphate  potash,  high  grade. 
Plot  21 — 24  rows  (rows  83-107)  1-20  acre. 

2  lbs.  sulphate  ammonia. 

8  lbs.  sulphate  potash,  high  grade. 
80  lbs.  bone  meal. 
2  and  1-4  rows  to  uncleared  land  not  fertilized. 


LAND  4,  33  PLANTS  DEEP. 

Plot  22 — 24  rows  (rows  1-24)  1-20  acre. 

2  lbs.  sulphate  of  ammonia. 

8  lbs.  muriate  of  potash. 

80  lbs.  bone  meal. 
Plot  23 — 24  rows  (rows  24-48)  1-20  acre. 

10  lbs  sulphate  of  ammonia. 

8  lbs.  muriate  of  potash. 

30  lbs.  acid  phosphate. 
Plot  24 — 24  rows  (rows  48-72)  1-20  acre. 

2  lbs.  sulphate  of  ammonia. 

40  lbs.  kainit. 

80  lbs.  bone  meal. 
Plot  25 — 24  rows  (rows  72-96)  1-20  acre. 

TO  lbs.  sulphate  of  ammonia. 

40  lbs.  kainit. 

30  lbs.  acid  phosphate. 
15  rows  to  uncleared  land  not  fertilized. 


LAND  5,  33  PLANTS  DEEP. 

Plot  26 — 24  rows  (rows  1-24)  1-20  acre. 
10  lbs.  sulphate  of  ammonia. 
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25  lbs.  potassium-magnesium  carbonate. 

30  lbs.  acid  phosphate. 
Plot  27 — 4  rows  (rows  24-28)  i-ioo  acre. 

3  lbs.  nitrate  of  soda. 
Plot  28 — 4  rows  (rows  28-32)  i- 100  acre. 

3  lbs.  nitrate  of  soda. 

2  lbs.  sulphate  of  potash,  high  grade. 
Plot  29 — 24  rows  (rows  32-56)  1-20  acre. 

14  lbs.  nitrate  of  soda. 

8  lbs.  sulj)hate  of  potash,  high  grade. 

30  lbs.  acid  phosphate. 
Plot  30—24  rows  (rows  56-80)   1-20  acre. 

14  lbs.  nitrate  of  soda. 

8  lbs.  muriate  of  potash. 

30  lbs.  acid  phosphate. 
Plot  31 — 24  rows  (rows  80-104)  1-20  acre. 

14  lbs.  nitrate  of  soda*. 

20  lbs.  sulphate  of  potash,  low  grade. 

30  lbs.  acid  phosphate. 
7  rows  to  uncleared  land  not  fertilzed. 


LAND  6,  29  PLANTS  DEEP. 

Plot  32 — 24  rows  (rows  1-24)  1-20  acre. 

14  lbs.  nitrate  of  soda. 

40  lbs.  kainit. 

30  lbs.  acid  phosphate. 
Plot  33 — 24  rows  (rows  24-48)  1-20  acre. 

14  lbs.  nitrate  of  soda. 

25  lbs.  potassium-magnesium  carbonate. 

30  lbs.  acid  phosphate. 
Plot  34 — 24  rows  (rows  48-72)  1-20  acre. 

34  lbs.  blood  and  bone. 
Plot  35 — 23  rows  (rows  72-95)  i-ioo  acre. 

34  lbs.  blood  and  bone. 

8  lbs.  sulphate  of  potash,  high  grade. 
15  rows,  3-4  row  and  1-4  row  to  uncleared  land  nol  fertilized. 


LAND  7,  29  PLANTS  DEEP. 

2  short  rows  not  fertilized. 
Plot  36 — 24  rows  (rows  1-24)  1-20  acre. 
34  lbs.  blood  and  bone. 
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20  lbs.  sulphate  of  potash,  low  grade. 
Plot  37 — 24  rows  (rows  24-48)  1-20  acre. 

34  lbs.  blood  and  bone. 

40  lbs.  kainit. 
Plot  38 — 24  rows  (rows  48-72)  1-20  acre. 

34  lbs.  blood  and  bone. 

8  lbs.  muriate  of  potash. 
Plot  39 — 24  rows  (rows  72-96)  1-20  acre. 

34  lbs.  blood  and  bone. 

25  lbs.  potassium-magnesium  carbonate. 
18  1-2  rows  to  uncleared  land  not  fertilized. 


LAND  8,  32   PLANTS  DEEP. 

2  short  rows  not  fertilized. 
Plot  40 — 5  rows  (rows  1-5)  i-ioo  acre. 

8  lbs.  cotton  seed  meal. 

2  lbs.  sulphate  of  potash,  high  grade. 

6  lbs.  acid  phosphate. 

10  lbs.  lime,  air  slacked. 
Plot  41 — 4  rows  (rows  5-9)  i-ioo  acre. 

2  lbs.  nitrate  of  soda. 

8  lbs.  kainit. 

6  lbs.  acid  phosphate. 

10  lbs.  lime,  air  slacked. 
Plot  42 — 4  rows  (rows  9-13)  i-ioo  acre. 

2  lbs.  sulphate  of  ammonia. 

2  lbs.  sulphate  of  potash  ,high  grade. 

6  lbs.  acid  phosphate. 
10  lbs.  lime,  air  slacked. 

Plot  43 — 4  rows  (rows  13-17)  i-ioo  acre. 

7  lbs.  blood  and  bone. 

5  lbs.  potassium-magnesium  carbonate. 

6  lbs.  acid  phosphate. 
10  lbs.  lime,  air  slacked. 

Plot  44 — 4  rows  (rows  17-21)  i-ioo  acre. 

8  lbs.  cotton  seed  meal. 

2  lbs.  sulphate  of  potash,  high  grade. 
6  lbs.  acid  phosphate. 
100  lbs.  muck,  air  dried. 
Plot  45 — 4  rows  (rows  21-25)  i-ioo  acre. 
2  lbs.  nitrate  of  soda. 
8  lbs.  kainit. 
6  lbs.  acid  phosphate. 
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lOO  lbs.  muck,  air  dried. 
Plot  46 — 4  rows  (rows  25-29)  i-ioo  acre. 
2  lbs.  sulphate  o£  ammonia. 
2  lbs.  sulphate  of  potash,  high  grade. 

6  lbs.  acid  phosphate. 
100  lbs.  muck,  air  dried. 

Plot  47 — 4  rows  (rows  29-33)  i-ioo  acre. 

7  lbs.  blood  and  bone. 

5  lbs.  potassium-magnesium  carbonate. 

6  lbs.  acid  phosphate. 
100  lbs.  muck,  air  dried. 

Plot  48 — 4  rows  (rows  33-37)  i-ioo  acre. 

1-2  lb.  sulphate  of  ammonia. 

^  lbs.  potassium-magnesium  carbonate. 

15  lbs.  bone  meal. 

30  lbs.  lime,  air  staked. 

100  lbs.  muck,  air  dried. 
Plot  49 — 24  rows  (rows  37-61)  1-20  acre. 

10  lbs.  sulphate  of  ammonia. 

20  lbs.  sulphate  of  potash,  low  grade. 

30  lbs.  acid  phosphate. 
Plot  50 — 24  rows  (rows  61-85)  1-20  acre. 

2  lbs.  sulphate  of  ammonia. 

20  lbs.  sulphate  of  potash,  low  grade. 

80  lbs.  bone  meal. 
Plot  51 — 24  rows  (rows  85-109)  1-20  acre. 

10  lbs.  sulphate  of  ammonia. 

20  lbs.  sulphate  of  potash,  low  grade. 

30  lbs.  acid  phosphate. 
91-4  rows  to  uncleared  land  not  fertilized. 

PLAN  OF  THE  FIELD  FOR  APPLICATIONS  2  TO  5 

(INCLUSIVE.) 

After  the  first  application  all  plots  containing  twentieth 
acres  (24  rows)  were  divided  into  six  equal  sections  lettered  from 
A  to  F,  inclusive,  containing  as  a  rule  4  rows  (about  i-ioo  acre). 
Sections  A  were  treated  with  a  fertilizer  containing  the  normal 
amount  of  ammonia,  of  potash  and  of  phosphoric  acid.  Sections 
B  were  treated  with  twice  the  normal  amount  of  ammonia  and 
the  normal  amount  of  potash  and  phosphoric  acid.  Sections  C 
were  treated  with  the  normal  amount  of  ammonia,  twice  the 
normal  amount  of  potash,  and  the  normal  amount  of  phosphoric 
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acid.  Sections  D  were  treated  with  the  normal  amount  of  am- 
monia and  the  normal  amount  of  potash,  and  twice  the  normal 
amount  of  phosphoric  acid.  Sections  E  were  treated  with  one 
and  one-half  times  the  normal  amount  of  the  normal  formula 
Sections  F.  were  treated  with  twice  the  normal  amount  of  the 
normal  formula. 

OBJECT  OF  THE  SECTIONS. 

If,  therefore,  sections  A  in  any  particular  plot  is  better 
than  any  other  section  we  must  conclude  that  this  amount  and 
this  combination  is  better  than  any  other  used  in  the  plot. 

If  section  B  of  any  particular  plot  turns  out  to  be  the  best 
section  we  must  conclude  that  more  ammonia  from  that  partic- 
ular source  may  be  used  by  the  plants  thaji  that  applied  to  sec- 
tion A. 

If  section  C  in  any  particular  plot  is  better  than  any  other 
sections  we  must  conclude  that  more  potash  from  that  particular 
source  than  is  used  in  the  normal  formula,  or  section  A,  is 
needed. 

If  section  D  is  the  best  one  in  that  plot  we  must  conclude 
that  more  phosphoric  acid  from  that  particular  source  may  be 
used  by  the  plants  than  is  supplied  by  the  normal  formula,  or 
section  A. 

If  section  E  turns  out  to  be  the  best  we  must  consider  the 
normal  formula  is  practically  correct,  and  that  sectfon  A  did  not 
receive  a  sufficient  amount  of  fertilizer,  while  section  F  received 
more  fertilizer  than  could  be  used  by  the  plants. 

If  section  F  is  the  best  section  of  the  plot  we  must  conclude 
that  the  normal  formula  is  practically  correct  and  that  section 
A  and  section  E  have  not  received  as  much  fertilizer  as  the 
plants  could  use. 

If  section  A  is  the  poorest  in  the  plot  we  must  regard  it 
as  due  to  an  insufficient  amount  of  the  normal  formula  of  the 
fertilizer. 

If  section  B  turns  out  poorer  than  section  A,  E  or  F,  we 
must  regard  it  due  to  an  oversupply  of  that  form  of  ammonia. 

If  section  C  is  poorer  than  section  A,  E  or  F,  we  must 
regard  it  as  due  to  an  over  abundance  of  that  form  of  potash. 
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If  section  C  is  poorer  than  sections  A,  E  or  F,  we  must  con- 
sider that  too  great  a  quantity  of  that  form  of  phosphoric  acid 
has  been  used. 

If  section  D  is  poorer  than  section  A  it  is  probably  due  to 
the  application  of  too  much  fertilizer;  in  that  case  section  F 
woijd  be  the  poorest  in  the  plot. 


FORMULAE  FOR 
Application  2,  June  27  and  28,  1898. 

LAND    I,  33  PLANTS  DEEP. 

Plot  I — 4  rows  (rows  1-4). 

18  lbs.  cotton  seed  meal. 
Plot  2 — 4  rows  (rows  4-8.) 

18  lbs.  cotton  seed  meal.' 

1 1  lbs.  sulphate  of  potash,  low  grade. 
Plot  3.— 
Section  A — 4  rows  (rows  8-12.) 

3  lbs.  cotton  seed  meal. 

II  lbs.  sulphate  of  potash,  low  grade. 

31  lbs.  bone  meal. 
Section  B — 4  rows  (rows  12-16.) 

21  lbs.  cotton  seed  meal. 

II  lbs.  sulphate  of  potash,  low  grade. 
31  lbs.  bone  meal. 
Section  C — 4  rows  (rows  16-20.) 

3  lbs.  cotton  seed  meal. 

•  22  lbs.  sulphate  of  potash,  low  grade. 

31  lbs  bone  meal,  t 
Section  D — 4  rows  (rows  20-24.) 

o  lbs.  cotton  seed  meal. 

1 1  lbs.  sulphate  of  potash,  low  grade. 

62  lbs.  bone  meal. 
Section  E — 4  rows  (rows  24-28.) 

4  1-2  lbs.  cotton  seed  meal. 

16  lbs.  sulphate  of  potash,  low  grade. 
46  bone  meal. 
Section  F — 4  rows  (rows  32-36.) 
6  lbs.  cotton  seed  meal. 

22  lbs.  sulphate  of  potash,  low  grade. 
62  lbs.  bone  meal. 


40 

Plot  4 — 4  rows  (rows  32-36.) 

3  lbs.  cotton  seed  meal. 
31  lbs.  bone  meal. 

Plot  5— 

Section  A — 4  rows  (rows  36-40.) 

18  lbs.  cotton  seed  meal. 

1 1  lbs.  sulphate  of  potash,  low  grade. 

19  lbs.  acid  phosphate. 
Section  B — 4  rows  (  rows  40-44.) 

36  lbs.  cotton  seed  meal. 
1 1  lbs.  sulphate  of  potash,  low  grade. 
19  lbs.  acid  phosphate. 
Section  C — 4  rows  (rows  44-48.) 

18  lbs.  cotton  seed  meal. 

22  lbs.  sulphate  of  potash,  low  grade. 

19  lbs.  acid  phosphate. 
Section  D — 4  rows  (rows  48-32.) 

18  lbs.  cotton  seed  meal, 
nibs,  sulphate  of  potash,  low  grade. 
38  lbs.  acid  phosphate. 
Section  E — 4  rows  (rows  52-56.) 

27  lbs.  cotton  seed  meal. 

16  lbs.  sulphate  of  potash,  low  grade. 

28  lbs.  acid  phosphate. 
Section  F — 4  rows  (rows  56-60.) 

36  lbs.  cotton  seed  meal. 
22  lbs.  sulphate  of  potash,  low  grade. 
38  lbs.  acid  phosphate. 
Plot  6 — 4  rows  (rows  60-64.) 

18  lbs.  cotton  seed  meal. 

19  lbs.  acid  phosphate. 
Plot  7 — 4  rows  (rows  64-68.) 

18  lbs.  cotton  seed  meal. 
5  1-2  lbs.  muriate  of  potash. 
Plot  8— 

Section  A — 4  rows  (rows  68-72.) 

3  lbs.  cotton  seed  meal. 

5  1-2  lbs.  muriate  of  potash. 

31  lbs.  bone  meal. 
Section  B — 4  rows  (rows  72-76.) 

21  lbs.  cotton  seed  meal. 

51-2  lbs.  muriate  of  potash. 

31  lbs.  bone  meal. 
Section  C — 4  rows  (rows  76-80.) 

3  lbs.  cotton  seed  meal. 
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II  lbs.  muriate  of  potash. 

31  lbs.  bone  meal. 
Section  D— 4  rows  (rows  80-84.) 

o  lbs.  cotton  seed  meal. 

51-2  lbs.  muriate  of  p<>tash. 

62  lbs.  bone  meal. 
Section  E — ^4  rows  (rows  84-88.) 

4  1-2  lbs.  cotton  seed  meal. 

8  lbs.  muriate  of  potash. 

46  lbs.  bone  meal. 
Section  F — 4  rows  (rows  88-92.) 

6  lbs.  cotton  seed  meal. 

II  lbs.  muriate  of  potash. 

62  lbs.  bone  meal. 
15  1-2  rows  to  uncleared  land  not  fertilized. 


LAND  2,  33  PLANTS  DEEP. 

Plot  9— 

Section  A — 4  rows  (rows  1-4.) 

18  lbs.  cotton  seed  meal. 
51-2  lbs.  muriate  of  potash. 

19  lbs.  acid  phosphate. 
Section  B — ^3  rows  (rows  4-7.) 

36  lbs.  cotton  seed  meal. 
5  1-2  lbs.  muriate  of  potash. 
19  lbs.  acid  phosphate. 
Section  C — 4  rows  (rows  7-1 1.) 

18  lbs.  cotton  seed  meal. 
II  lbs.  muriate  of  potash. 

19  lbs.  acid  phosphate. 
Section  D — 4  rows  (rows  11-15.) 

18  lbs.  cotton  seed  meal. 

51-2  lbs.  muriate  of  potash. 

38  lbs.  acid  phosphate. 
Section  E— 4  rows  (rows  15-19.) 

2y  lbs.  cotton  seed  meal. 

8  lbs.  muriate  of  potash. 

28  lbs.  acid  phosphate. 
Section  F — 4  rows  (rows  19-23.) 

36  lbs.  cotton  seed  meal. 

II  lbs.  muriate  of  potash. 

38  lbs.  acid  phosphate. 
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Plot  lo — 4  rows  (rows  27-31.) 

18  lbs.  cotton  seed  meal. 
21  lbs.  kainit. 

Plot  II— 

Section  A — 4  rows  (rows  27-31.) 

3  lbs.  cotton  seed  meal. 

21  lbs.  kainit. 

31  lbs.  bone  meal. 
Section  B — 4  rows  (rows  31-35) 

21  lbs.  cotton  seed  meal. 

21  lbs.  kainit. 

31  lbs.  bone  meal. 
Section  C — 4  rows  (rows  35-39.) 

3  lbs.  cotton  seed  meal. 
42  lbs.  kainit. 

31  lbs.  bone  meal. 
Section  D — 4  rows  (rows  39-43.) 

o  lbs.  cotton  seed  meal. 

21  lbs.  kainit. 

62  lbs.  bone  meal. 
Section  E — 4  rows  (rows  43-47.) 

4  1-2  lbs.  cotton  seed  meal. 
31  lbs.  kainit. 

46  lbs.  bone  meal. 
Section  F — 4  rows  (rows  47-51.) 
6  lbs.  cotton  seed  meal. 
42  lbs.  kainit. 
62  lbs.  bone  meal. 

Plot  12— 

Section  A — 4  rows  (rows  51-55.) 

18  lbs,  cotton  seed  meal. 
21  lbs.  kainit. 

19  lbs.  acid  phosphate. 
Section  B — 4  rows  (rows  55-59.) 

36  lbs.  cotton  seed  meal. 
21  lbs.  kainit. 
19  lbs.  acid  phosphate. 
Section  C — 4  rows  (rows  59-63.) 

18  lbs.  cotton  seed  meal. 
42  lbs.  kainit. 

19  lbs.  acid  phosphate. 
Section  D — 4  rows  (rows  63-67.) 

18  lbs.  cotton  seed  meal. 

21  lbs.  kainit. 

38  lbs.  acid  phosphate. 
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Section  E — 4  rows  (rows  67-71.) 

2.y  lbs,  cotton  seed  meal. 

31  lbs.  kainit. 

28  lbs.  acid  phosphate. 
Section  F — \  rows  (rows  71 -75-) 

36  lbs.  cotton  seed  meal. 

42  lbs.  kainit. 

38  lbs.  acid  phosphate. 
Plot  13—4  rows  (rows  75-79) 

18  lbs.  cotton  seed  meal. 

15  1-2  lbs.  potassium-magnesium  carbonate. 

31  lbs.  bone  meal  (mistake  made  by  laborer.) 

Plot  14— 

Section  A — ^4  rows  (rows  79-83.) 

3  lbs.  cotton  seed  meal. 

15  1-2  lbs.  potassium-magnesium  carbonate. 

31  lbs.  bone  meal. 
Section  B — 4  rows  (rows  83-87.) 

21  lbs.  cotton  seed  meal. 

15  1-2  lbs.  potassium-magnesium  carbonate. 

31  lbs.  bone  meal  (laborer's  inadvertance.) 
Section  C — ^4  rows  (rows  87-91.) 

3  lbs.  cotton  seed  meal. 

31  lbs.  potassium-magnesium  carbonate. 

31  lbs.  bone  meal. 
Section  D — ^4  rows  (rows  91-95.) 

o  lbs.  cotton  seed  meal. 

15  1-2  lbs.  potassium-magnesium  carbonate. 

62  lbs.  bone  meal. 
Section  E — 4  rows  (rows  95-99.) 

41-2  lbs.  cotton  seed  meal. 

23  lbs.  potassium-magnesium  carbonate. 

46  lbs.  bone  meal. 
Section  F — ^4  rows  (rows  99-103.) 

6  lbs.  cotton  seed  meal. 

31  lbs.  potassium-magnesium  carbonate. 

62  lbs.  bone  meal. 
5  rows  to  uncleared  land  not  fertilized. 


LAND  3,  33  PLANTS  DEEP. 

Plot  15— 

Section  A — 4  rows  (rows  1-4.) 

18  lbs.  cotton  seed  meal. 

15  T-2  lbs.  potassium-magnesium  carbonate. 
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19  lbs.  acid  phosphate. 
Section  B— 4  rows  (rows  4-8.) 

36  lbs.  cotton  seed  meal. 

15  1-2  lbs.  potassium-magnesium  carbonate. 

19  lbs.  acid  phosphate. 
Section  C — 4  rows  (rows  8-12.) 

18  lbs.  cotton  seed  meal. 

31  lbs.  potassium-magnesium  carbonate. 

19  lbs.  acid  phosphate. 
Section  D — 4.  rows  (rows  12-16.) 

18  lbs.  cotton  seed  meal. 
15  1-2  lbs.  potassium-magnesium  carbonate. 
38  lbs.  acid  phosphate. 
Section  E — 4  rows  (rows  16-20.) 

27  lbs.  cotton  seed  meal. 

23  lbs.  potassium-magnesium  carbonate. 

28  lbs.  acid  phosphate. 
Section  F — 5  rows  (rows  20-25.) 

36  lbs.  cotton  seed  meal. 
31  lbs.  potassium-magnesium  carbonate. 
38  lbs.  acid  phosphate. 
Plot  16 — 4  rows  (rows  2^'2g.) 

18  lbs.  cotton  seed  meal. 

6  lbs.  sulphate  of  potash,  h\gh  grade. 

Plot  17— 

Section  A — 4  rows  (rows  29-33.) 

3  lbs.  cotton  seed  meal. 

6  lbs.  sulphate  of  potash,  high  grade. 

31  lbs.  bone  meal. 
Section  B — 3  rows  (rows  33-36.) 

21  lbs.  cotton  seed  meal. 

6  lbs.  sulphate  of  potash,  hip^h  ij.a.lc. 

31  lbs.  bone  meal. 
Section  C — 3  rows  (rows  36-39.) 

3  lbs.  cotton  seed  meal. 

12  lbs.  sulphuatc  of  potash,  high  grade. 

31  lbs.  bone  meal. 

Section  D — 4  rows  (rows  39-43.) 

o  lbs  cotton  seed  meal. 

C  IDs.  sulphate  of  potash,  high  grade. 

62  lbs.  bone  meal. 
Section  E — 4  rows  (rows  43-47.) 

41-2  lbs.  cotton  seed  meal. 

9  lbs.  sulphate  of  potash,  high  grade  . 

46  lbs.  bone  meal. 
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Section  F — 4  rows  (rows  47-5 1-) 

6  lbs.  cotton  seed  meal. 

12  lbs.  sulphate  of  potash,  high  grade. 

62  lbs.  bone  meal. 
Plot  i»— 

Section  A — 4  rows  (rows  51-55.) 

18  lbs.  cotton  seed  meal. 

6  lbs.  sulphate  of  potash,  high  grade. 

19  lbs.  acid  phosphate. 
Section  B — 4  rows  (rows  55-59.) 

36  lbs.  cotton  seed  meal. 
6  lbs.  sulphate  of  potash,  high  grade. 
19  lbs.  acid  phosphate. 
Section  C — 4  rows  (rows  59-63.) 

18  lbs.  cotton  seed  meal. 

12  lbs.  sulphate  of  potash,  high  grade. 

19  lbs.  acid  phosphate. 
Section  D — 4  rows  (rows  63-67.) 

18  lbs.  cotton  seed  meal. 
6  lbs.  sulphate  of  potash,  high  grade. 
38  lbs.  acid_  phosphate. 
Section  E>— 4  rows_(rows  67-71.) 

27  lbs.  cotton  seed  meal. 

9  lbs.  sulphate  of  potash,  high  grade. 

28  lbs.  acid  phosphate. 
Section  F — 4  rows  (rows  71-75.) 

36  lbs.  cotton  seed  meal. 

12  lbs.  sulphate  of  potash,  high  grade. 

38  lbs.  acid  phosphate. 
Plot  19 — 4  rows  (rows  75-79.) 

51-2  lbs.  sulphate  of  ammonia. 
Plot  20 — 4  rows  (rows  79-83.) 

51-2  lbs.  sulphate  of  ammonia. 

6  lbs.  sulphate  of  potash,  high  grade. 

Plot  21— 

Section  A — 4  rows  (rows  83-87.) 

I  lb.  sulphate  of  ammonia. 

6  lbs.  sulphate  of  potash,  high  grade. 

31  lbs.  bone  meal. 
Section  B — 4  rows  (rows  87-91.) 

61-2  lbs.  sulphate  of  ammonia. 

6  lbs.  sulphate  of  potash,  high  grade. 

31  lbs.  bone  meal. 
Section  C — 4  rows  (rows  91-95.) 

I  lb.  sulphate  of  ammonia. 
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12  lbs.  sulphate  of  potash,  high  grade. 
31  lbs.  bone  meal. 
Section  D — 4  rows  (rows  95-99.) 

0  lbs.  sulphate  of  ammonia. 

6  lbs.  sulphate  of  potash,  high  grade. 
62  lbs.  bone  meal. 
Section  E — 4  rows  (rows  99-103.) 

1  1-2  lbs.  sulphate  of  ammonia. 

9  lbs.  sulphate  of  potash,  high  grade. 
46  lbs.  bone  meal. 
Section  F — 4  rows  (rows  103-107.) 

2  lbs.  sulphate  of  ammonia. 

12  lbs.  sulphate  of  potash,  high  grade. 
62  lbs.  bone  meal. 
Sand  from  ditch  thrown  into  rows  3  and  4. 
2  and  1-4  rows  to  uncleared  land  not  fertilized. 


LAND  4,  33  PLANTS  DEEP. 
Plot  22— 

Section  A — 4  rows  (rows  1-4.) 

I  lb.  sulphate  of  ammonia. 

51-2  lbs.  muriate  of  potash. 

31  lbs.  bone  meal. 
Section  B — 4  rows  (rows  4-8.) 

61-2  lbs.  sulphate  of  ammonia. 

5  1-2  lbs.  muriate  of  potash. 

31  lbs.  bone  meal. 
Section  C — 4  rows  (rows  8-12.) 

I  lb.  sulphate  of  ammonia. 

II  lbs.  muriate  of  potash. 
31  lbs.  bone  meal. 

Section  D — 4  rows  (rows  12-16.) 

0  lbs.  sulphate  of  ammonia. 
51-2  lbs.  muriate  of  potash. 
62  lbs.  bone  meal. 

Section  E — 4  rows  (rows  16-20.) 

1  1-2  lbs.  sulphate  of  ammonia. 
8  lbs.  muriate  of  potash. 

46  lbs.  bone  meal. 
Section  F — 4  rows  (rows  20-24.) 

2  lbs.  sulphate  of  ammonia. 
II  lbs.  muriate  of  potash. 
62  lbs.  bone  meal. 
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Plot  23— 

Section  A — 4  rows  (rows  24-28.) 

51-2  lbs.  sulphate  of  ammonia. 

51-2  lbs.  muriate  of  potash. 

19  lbs.  acid  phosphate. 
Section  B — 4  rows  (rows  28-32.) 

1 1  lbs.  sulphate  of  ammonia. 

5  1-2  muriate  of  potash. 

19  lbs.  acid  phosphate. 
Secton  C — 4  rows  (rows  32-36.) 

5  1-2  lbs.  sulphate  of  ammonia. 

1 1  lbs.  muriate  of  potash. 

19  lbs.  acid  phosphate. 
Section  D — 4  rows  (rows  36-40.) 

5  1-2  lbs.  sulphate  of  ammonia 

5  1-2  lbs.  muriate  of  potash. 
38  lbs.  acid  phosphate. 

Section  E — 4  rows  (rows  40-44.) 

8  lbs.  sulphate  of  ammonia. 
8  lbs.  muriate  of  potash. 
28  lbs.  acid  phosphate. 

Section  F — 4  rows  (rows  44-48.) 

1 1  lbs.  sulphate  of  ammonia. 
11  lbs.  Muriate  of  potash. 
38  lbs.  acid  phosphate. 

Plot  24-^ 

Section  A — 4  rows  (rows  48-52.) 

1  lb.  sulphate  of  ammonia. 

21   lbs.   kainit. 

31  lbs.  bone  meal. 
Section  B — 4  rows  (rows  52-56.) 

6  1-2  lbs.  sulphate  of  ammonia. 
21  lbs.  kainit. 

31  lbs.  bone  meal. 
Section  C — 4  rows  (rows  56-60.) 

I  lb.  sulphate  of  ammonia. 

42  lbs.  kainit. 

31  lbs.  bone  meal. 
Section  D — 4  rows  (rows  60-64.) 

0  lbs.  sulphate  of  ammonia. 
21  lbs.  kainit. 

62  lbs.  bone  meal. 
Section  E — 4  rows  (rows  64-68.) 

1  1-2  lbs.  sulphate  of  ammonia. 
31  lbs.  kainit. 

Bui.  40-4 
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46  IbSf  bone  meal. 
Section  F— 4  rows  (rows  68-72.) 

2  lbs.  sulphate  of  ammonia. 
42  lbs.  kainit. 
62  lbs.  bone  meal. 

Plot  25— 

Section  A — 4  rows  (rows  72-76.) 

5  1-2  lbs.  sulphate  of  ammonia. 

21  lbs.  kainit. 

19  lbs.  acid  phosphate. 
Section  B— 4  rows  (rows  76-80.) 

II  lbs.  sulphate  of  ammonia. 

21  lbs.  kainit. 

19  lbs.  acid  phosphate. 
Section  C — 4  rows  (rows  80-84.) 

51-2  lbs.  sulphate  of  ammonia. 

42  lbs.  kainit. 

19  lbs.  acid  phosphate. 

Section  D — 4  rows  (rows  84-88.) 

51-2  lbs.  sulphate  of  ammonia. 

21  lbs.  kainit. 

38  lbs.  acid  phosphate. 
Section  E — 4  rows  (rows  88-92.) 

8  lbs.  sulphate  of  ammonia. 

31  lbs.  kainit. 

28  lbs.  acid  phosphate. 
Section  F — 4  rows  (rows  92-96.) 

1 1  lbs.  sulphate  of  ammonia. 

42  lbs.  kainit. 

38  lbs.  acid  phosphate. 
15  rows  to  uncleared  land  not  fertilized. 


LAND   S,  33  PLANTS  DEEP. 

Plot  26— 

Section  A — 4  rows  (rows  1-4.) 

5  1-2  lbs.  sulphate  of  ammonia. 

15  1-2  lbs.  potassium-magnesium  carbonate. 

19  lbs.  acid  phosphate. 
Section  B — 4  rows  (rows  4-8.) 

II  lbs.  sulphate  of  ammonia. 

15  1-2  lbs.  potassium-magnesium  carbonate. 

19  lbs.  acid  phosphate. 
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Section  C — 4  rows  (rows  8-12.) 

51-2  lbs.  sulphate  of  ammonia. 

31  lbs.  potassium-magnesium  carbonate. 

19  lbs.  acid  phosphate. 
Section  D — 4  rows  (rows  12-16.) 

51-2  lbs.  sulphate  of  ammonia. 

15   1-2  lbs.  potassium-magnesium  carbonate. 

38  lbs.  acid  phosphate. 
Section  E — 4  rows  (rows  16-20.) 

8  lbs.  sulphate  of  ammoni^. 

23  lbs.  potassium-magnesium  carbonate. 
28  lbs.  acid  phosphate. 
Section  F — 4  rows  (rows  20-24.) 

11  lbs.  sulphate  of  ammonia. 

31  lbs.  potassium-magnesium  carbonate. 

38  lbs.  acid  phosphate. 
Plot  27 — 4  rows  (rows  24-28.) 

7  lbs.  nitrate  of  soda. 
Plot  28 — 4  rows  (rows  28-32.) 

7  lbs.  nitrate  of  soda. 

6  lbs.  sulphate  of  potash,  high  grade. 

Plot  29— 

Section  A — 4  rows  (rows  32-36.) 

7  lbs.  nitrate  of  soda. 

6  lbs.  sulphate  of  potash,  high  grade. 
19  lbs.  acid  phosphate. 
Section  B — 4  rows  (rows  36-40.) 
14  lbs.  nitrate  of  soda. 

6  lbs.  sulphate  of  potash,  high  grade. 
19  lbs.  acid  pfiosphate. 

Section  C — 4  rows  (rows  40-44.) 

7  lbs.  nitrate  of  soda. 

T2  lbs.  sulphate  of  potash,  high  grade. 

19  lbs.  acid  phosphate. 
Section  D — 4  rows  (rows  44-48.) 

7  lbs.  nitrate  of  soda. 

6  lbs.  sulphate  of  potash,  high  grade. 

38  lbs.  acid  phosphate. 
Section  E — 4  rows  (rows  48-52.) 

10  1-2  lbs.  nitrate  of  soda. 

9  lbs.  sulphate  of  potash,  high  grade. 
28  lbs.  acid  phosphate. 

Section  F — 4  rows  (rows  52-56.) 
14  lbs.  nitrate  of  soda. 

12  lbs.  sulphate  of  potash,  high  grade. 


so 

38  lbs.  acid  phosphate. 
Plot  30— 

Section  A — 4  rows  (rows  56-60.) 

7  lbs.  nitrate  of  soda. 

51-2  lbs.  muriate  of  potash. 

19  lbs.  acid  phosphate. 
Section  B — 4  rows  (rows  60-64.) 

14  lbs.  nitrate  of  soda. 
51-2  lbs.  muriate  of  potash. 
19  lbs.  acid  phosphate. 

Section  C — 4  rows  (rows  64-68.) 

7  lbs.  nitrate  of  soda. 

ri  lbs.  muriate  of  potash. 

19  lbs.  acid  phosphate. 

Section  D — 4  rows  (rows  68-72.) 

7  lbs.  nitrate  of  soda. 

5  1-2  lbs.  muriate  of  potash. 
38  lbs.  acid  phosphate. 

Section  E — 4  rows  (rows  72-76.) 

10  1-2  lbs.  nitrate  of  soda. 

8  lbs.  muriate  of  potash. 
28  lbs.  acid  phosphate. 

Section  F — 4  rows  (rows  76-80.) 
14  lbs.  nitrate  of  soda. 

1 1  lbs.  muriate  of  potash. 
38  lbs.  acid  phosphate. 

Plot  31 — 

Section  A — 4  rows  (rows  80-84.) 

7  lbs.  nitrate  of  soda. 
I T  lbs.  sulphate  of  potash,  low  grade. 
19  lbs.  acid  phosphate. 
Section  H — 4  rows  (rows  84-88.) 
14  lbs.  nitrate  of  soda. 
1 1  lbs.  sulphate  of  potash,  low  grade. 
19  lbs.  acid  phosphate. 

Section  C — 4  rows  (rows  88-92.) 

7  lbs.  nitrate  of  soda. 

22  lbs.  sulphate  of  potash,  low  grade. 

19  lbs.  acid  phosphate. 

Section  D — 4  rows  (rows  92-96.) 
7  lbs.  nitrate  of  soda. 
Ti  lbs.  sulphate  of  potash,  low  grade. 
38  lbs.  acid  phosphate. 
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Section  E— 4  rows  (rows  96-100.) 

10  1-2  lbs.  nitrate  of  soda. 

16  lbs.  sulphate  of  potash,  low  grade, 

28  lbs.  acid  phosphate. 
Section  F — 4  rows  (rows  100-104.) 

14  lbs.  nitrate  of  soda. 

22  lbs.  sulphate  of  potash,  low  grade. 

38  lbs.  acid  phosphate. 
7  rows  to  uncleared  land  not  fertilized. 


LAND  6,  29   PLANTS  DEEP. 

Plot  32 

Section  A — 4  rows  (rows  1-4.) 

6  lbs.  nitrate  of  soda. 

19  lbs.  kainit. 

17  lbs.  acid  phosphate. 
Section  B — 4  rows  (rows  4-8.) 

12  lbs.  nitrate  of  soda. 

19  lbs.  kainit. 

17  lbs.  acid  phosphate. 
Section  C — 4  rows  (rows  8-12.) 

6  lbs.  nitrate  of  soda. 

38  lbs.  kainit. 

17  lbs.  acid  phosphate. 
Section  D — 4  rows  (rows  12-16.) 

6  lbs.  nitrate  of  soda. 

19  lbs.  kainit. 

34  lbs.  acid  phosphate. 
Section  E — 4  rows  (rows  16-20.) 

9  lbs.  nitrate  of  soda. 

28  lbs.  kainit. 

25  lbs.  acid  phosphate. 
Section  F — 4  rows  (rows  20-24.) 

12  lbs.  nitrate  of  soda. 
38  lbs.  ikainit. 

34  lbs.  acid  phosphate. 
Plot  33— 

Section  A — 4  rows  (rows  24-28.) 
6  lbs.  nitrate  of  soda. 

13  1-2  lbs.  potassium-magnesium  carbonate. 
17  lbs.  acid  phosphate. 

Section  B — 4  rows  (rows  28-32.) 
12  lbs.  nitrate  of  soda. 
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13  1-2  lbs.  potassium-magnesium  carbonate. 
17  lbs.  acid  phosphate. 

Section  C — ^4  rows  (rows  32-36.) 
6  lbs.  nitrate  of  soda. 
27  lbs.  potassium-magnesium  carbonate. 
17  lbs.  acid  phosphate. 

Section  D — ^4  rows  (rows  36-40.) 
6  lbs.  nitrate  of  soda. 

13  1-2  lbs.  potassium-magnesium  carbonate. 
34  lbs.  acid  phosphate. 

Section  E — 4  rows  (ro^ws  40-44.) 

9  lbs.  nitrate  of  soda. 

20  lbs.  potassium-magnesium  carbonate. 
25  lbs.  acid  phosphate. 

Section  F — 4  rows  (rows  44-48.) 
12  lbs.  nitrate  of  soda. 

27  lbs.  potassium-magnesium  carbonate. 
34  lbs.  acid  phosphate. 

Plot  34— 

Section  A — 8  rows  (rows  48-56.) 
31  lbs.  blood  and  bone. 

Section  B — 8  rows  (rows  56-64.) 
41  lbs.  blood  and  bone. 

Section  C — 8  rows  (rows  64-72.) 
62  lbs.  blood  and  bone. 

Plot  35— 

Section  A — 4  rows  (rows  72-76.) 

15  1-2  lbs.  blood  and  bone. 

51-2  lbs.  sulphate  of  potash,  high  grade. 

Section  B — 4  rows  (rows  76-80.) 
33  lbs.  blood  and  bone. 

51-2  lbs.  sulphate  of  potash,  high  grade. 

Section  C — 5  rows  (rows  80-85.) 
19  lbs.  blood  and  bone. 

14  lbs.  sulphate  of  potash,  high  grade. 

Section  D — 5  rows  (rows  85-90.) 

28  lbs.  blood  and  bone. 

10  lbs.  sulphate  of  potash,  high  grade. 

Section  E — 5  rows  (rows  90-95.J 

38  lbs.  blood  and  bone. 

14  lbs.  sulphate  of  potash,  high  grade. 
15  rows,  3-4  row  and  1-4  row  to  uncleared  land  not  fertilized. 
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LAND  7,  29  PLANTS  DEEP. 

2  short  rows  not  fertilized. 
Plot  36— 

Section  A — ^4  rows  (rows  1-4). 

15  1-2  lbs.  blood  and  bone. 

II  lbs.  sulphate  of  potash,  low  grade. 
Section  B — 5  rows  (rows  4-9.) 

38  lbs.  blood  and  bone. 

14  lbs.  sulphate  of  potash,  low  grade. 

Section  C — 5  rows  (rows  9-14.) 

19  lbs.  blood  and  bone. 

28  lbs.  lbs.  sulphate  of  potash,  low  grade. 
Section  D — 5  rows  (rows  14-19.) 
28  lbs.  blood  and  bone. 

20  lbs.  sulphate  of  potash,  low  grade. 
Section  E — 5  rows  (rows  43-48.) 

38  lbs.  blood  and  bone. 

28  lbs.  sulphate  of  potash,  low  grade. 

Plot  37— 

Section  A — 4  rows  (rows  24-28.) 

15  1-2  lbs.  blood  and  bone. 
19  lbs.  kainit. 

Section  B — 5  rows  (rows  28-33.) 

38  lbs.  blood  and  bone. 

24  lbs.  kainit. 
Section  C — 5  rows  (rows  33-38.) 

19  lbs.  blood  and  bone. 

48  lbs.  kainit. 
Section  D — 5  rows  (rows  38-43.) 

28  lbs.  blood  and  bone. 

36  lbs.  kainit 
Section  E — 5  rows  (rows  48-52.) 

38  lbs.  blood  and  bone. 

48  lbs.  kainit. 
Plot  38— 

Section  A — 4  rows  (rows  72-76.) 

15  1-2  lbs.  blood  and  bone. 

51-2  lbs.  muriate  of  potash. 
Section  B — 5  rows  (rows  52-57.) 

38  lbs.  blood  and  bone. 

7  lbs.  muriate  of  potash. 
Section  C — 5  rows  (rows  57-62.) 

19  lbs.  blood  and  bone. 

14  lbs.  muriate  of  potash. 


54 

Section  D — 5  rows  (rows  62-67.) 

28  lbs.  blood  and  bone. 

10  1-2  lbs.  muriate  of  potash. 
Section  E — 5  rows  (rows  67-72.) 

38  lbs.  blood  and  bone. 

14  lbs.  muriate  of  potash. 

Plot  39— 

Section  A — 4  rows  (rows  72-76.) 

15  1-2  lbs.  blood  and  bone. 

13  1-2  lbs.  potassium-magnesium  carbonate. 
Section  B — 5  rows  (rows  76-81.) 

38  lbs.  blood  and  bone. 

17  lbs.  potassium-magnesium  carbonate. 
Section  C — 5  rows  (rows  81-86.) 

19  lbs.  blood  and  bone. 

34  lbs.  potassium-magnesium  carbonate. 
Section  D — 5  rows  (rows  86-91.)  ^ 

28  lbs.  blood  and  bone. 

25  lbs.  potassium-magnesium  carbonate. 
Section  E — 5  rows  (rows  91-96.) 

38  lbs.  blood  and  bone. 

34  lbs.  potassium-magnesium  carbonate. 
18  1-2  raws  to  uncleared  land  not  fertilized. 


LA.VD  8,  32  PLANTS  DEEP. 

Plot  40 — 5  rows  (rows  1-5.) 

21  lbs.  cotton  seed  meal. 

7  lbs.  sulphate  of  potash,  high  grade. 
18  lbs.  acid  phosphate. 

o  lbs.  lime,  air  slaked. 
Plot  41 — 4  rows  (rows  5-9.) 

8  lbs.  nitrate  of  soda. 
20  lbs.  kainit. 

18  lbs.  acid  phosphate. 

o  lbs.  lime,  air  slaked. 
Plot  42 — 4  rows  (rows  9-13.) 

5  lbs.  sulphate  of  ammonia. 

51-2  lbs.  sulphate  of  potash,  high  grade. 

18  lbs.  acid  phosphate. 

o  lbs.  lime,  air  slaked. 
Plot  43 — 4  rows  (rows  13-17.) 

17  lbs.  blood  and  bone. 
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15  lbs.  potassium-magnesium  carbonate. 
i8  lbs.  acid  phosphate, 
o  lbs.  lime,  air  slaked. 
Plot  44 — 4  rows  (rows  17-21.) 

17  lbs.  cotton  seed  meal. 

5  1-2  lbs.  sulphate  of  potash,  high  grade. 

18  lbs.  acid  phosphate, 
o  lbs.  muck,  air  dried. 

Plot  45 — 4  rows  (rows  21-25.) 

8  lbs.  nitrate  of  soda. 

20  lbs.  kainit. 

18  lbs.  acid  phosphate. 

O  lbs.  muck,  air  dried. 
Plot  46 — 4  rows  (rows  25-29.) 

5  lbs.  sulphate  of  ammonia. 

5  T-2  lbs.  sulphate  of  potash,  high  grade. 

t8  lbs.  acid  phosphate. 

o  lbs.  muck,  air  dried. 
Plot  47—4  rows  (rows  29-33.) 

17  lbs.*  blood  and  bone. 

15  lbs.  potassium-magnesium  carbonate. 

18  lbs.  acid  phosphate, 
o  lbs.  muck,  air  dried. 

Plot  48—4  rows  (rows  33-37) 

5  lbs.  sulphate  of  ammonia. 

15  lbs.  potassium-magnesium  carbonate. 

31  lbs.  bone  meal. 

o  lbs.  lime,  air  slaked. 

o  lbs.  muck,  air  dried. 

Plot  49— 

Section  A— 4  rows  (rows  37-41-) 

5  1-2  lbs.  sulphate  of  ammonia. 

6  lbs.  sulphate  of  potash,  high  grade. 

19  lbs.  acid  phosphate. 

Section  B — 4  rows  (rows  41-45) 

1 1  lbs.  sulphate  of  ammonia. 

6  lbs.  sulphate  of  potash,  high  grade. 

19  lbs.  acid  phosphate. 

Section  C — 4  rows  (rows  45-49-) 

5  1-2  lbs.  sulphate  of  ammonia. 

12  lbs.  sulphate  of  potash,  high  grade. 
19  lbs.  acid  phosphate. 

Section  D — 4  rows  (rows  49-53-) 

5  1-2  lbs.  sulphate  of  ammonia. 

6  lbs.  sulphate  of  potash,  high  grade. 
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38  lbs.  acid  phosphate. 
Section  E — 4  rows  (rows  53-57.) 

8  lbs.  sulphate  of  ammonia. 

9  lbs.  slulphate  of  potash,  high  grade. 
.  28  lbs.  acid  phosphate. 

Section  F — 4  rows  (rows  57-61.) 

11  lbs.  sulphate  of  ammonia. 

12  lbs.  sulphate  of  potash,  high  grade 
38  lbs.  acid  phosphate. 

Plot  50— 

Section  A — 4  rows  (rows  61-65.) 

I  lb.  sulphate  of  ammonia. 

I I  lbs.  sulphate  of  potash,  low  grade. 
31  lbs.  bone  meal. 

Section  B — 4  rows  (rows  65-69.) 

61-2  lbs.  sulphate  of  ammonia. 

II  lbs.  sulphate  of  potash,  low  grade. 

31  lbs.  bone  meal 

Section  C — 4  rows  (rows  69-75.) 

I  lb.  sulphate  of  ammonia. 

22  lbs.  sulphate  of  potash,  low  grade. 
31  lbs.  bone  meal. 
Section  D — 4  rows  (rows  73-77.) 

0  lbs.  sulphate  of  ammonia. 

I I  lbs.  sulpliate  of  potash,  low  grade. 
62  lbs.  bone  meal. 

Section  E — 4  rows  (rows  77-81.) 

1  1-2  lbs.  sulphate  of  ammonia. 

16  lbs.  sulphate  of  potash,  low  grade. 
46  lbs.  bone  meal. 
Section  F — 4  rows  (rows  81-85.) 

2  lbs.  sulphate  of  ammonia. 

22  lbs.  sulphate  of  potash,  low  grade. 
62  lbs.  bone  meal. 

Plot  51— 

Section  A — 4  rows  (rows  85-89.) 

5    1-2  lbs.  sulphate  of  ammonia. 

II  lbs.  sulphate  of  potash,  low  grade. 

19  lbs.  acid  phosphate. 
Section  B — 4  rows  (rows  89-93.) 

II  lbs.  sulphate  of  potash,  low  grade. 

19  lbs.  acid  phosphate. 
Section  C — 4  rows  (rows  93-97.) 

5    1-2  lbs.  sulphate  of  ammonia. 

22  lbs.  sulphate  of  potash,  low  grade. 
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19  lbs.  acid  phosphate. 
Section  D — 4  rows  (rows  97-101.) 

5    1-2  lbs.  sulphate  of  ammonia. 

r  I  lbs.  sulphate  of  potash,  low  grade. 

38  lbs.  acid  phosphate. 
Section  E — 4  rows  (rows  101-105.) 

8  lbs.  sulphate  of  ammonia. 

16  lbs.  sulphate  of  potash,  low  grade. 

28  lbs.  acid  phosphate. 
Section  F — 4  rows  (rows  105-109.) 

II  lbs.  sulphate  of  ammonia. 

22  lbs.  sulphate  of  potash,  low  grade. 

38  lbs.  acid  phosphate. 
91-2  rows  to  uncleared  land  not  fertilized. 


SIZE  OF  THE  PLOTS. 

In  the  Ijeginning  of  the  experiments  it  was  thought  that  the 
plots  which  contain  one  hundredth  acre  would  be  too  small  to 
give  very  definite  information,  but  by  referring  to  the 
plates  at  the  close  of  this  bulletin"  it  will  be  seen  that 
no  difficulty  is  experienced  in  this  way.  It  goes  with- 
out saying  that  a  more  definite  conclu^on  would  be 
reached  by  using  one-tenth  acre  plots  in  the  place  of  one-hun- 
dredth acre  plots,  but  this  would  really  have  placed  the  work  be- 
yond the  reach  of  the  Experiment  Station,  and  those  who  were 
undertaking  it.  The  variation  due  to  different  fertilizers  in  the 
various  plots  has  been  so  decided  that  there  can  be  no  doubt 
as  to  the  desirability  of  using  one-hundredth  acre  plots,  or  small- 
er plots,  in  preliminary  experiments  upon  pineapples.  By  re- 
ferring to  the  various  plates  illustrating  the  plots,  taking  for 
example  the  one  on  which  plot  29  is  represented  we  notice  that 
the  change  in  the  fertilizer  makes  a  decided  change  in  the  size  of 
the  pineapple  plants,  to  the  row.  By  turning  to  the  plate  upon 
which  plot  22  and  plot  23  may  be  seen  we  will  notice  that  the 
stake  row,  which  is  fertilized  on  one  side  by  formula  23  and  on 
the  other  side  by  22  occupies  quite  an  intermediate  position  be- 
tween   the    two    plots    and    the    size    of    the    plants    is  about 
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intermediate.  A  more  sharply  defined  intermediate  may 
be  seen  by  referring  to  the  plate  illustrating  plots  12  and  13.  By 
turning  to  plate  upon  which  are  represented  plots  49  and  50  and 
by  counting  4  rows  to  the  right  from  the  stake  we  notice  that 
section  F  in  plot  29  is  sharply  defined  from  section  E.  This 
section  (F)  was  treat^id  with  t'le  same  fertilizer  as  section  E, 
section  E  receiving  one  and  one-half  times  the  normal  amount 
of  the  normal  fertilizer,  while  section  F  received  two  times  the 
amount  of  the  identical  formula  and  the  identical  fertilizer. 

The  whole  series  of  experiments  came  out  in  such  a  de- 
cided and  positive  way  that  the  conclusions  are  not  based 
on  hair-splitting  differences.  Referring  to  such  plots  as  12,  23 
and  29  and  contrasting  them  with  the  adjoining  plots,  we  can 
readily  see  that  the  first  4  rows  tell  a  sufficient  tale.  We  can  see 
scarcely  any  perceptible  difference  between  the  second,  the  third 
and  the  fourth  rows  in  any  section.  The  same  is  true  of  every 
section  in  the  entire  field  of  nearly  200  divisions.  As  the  first 
fertilizer  was  applied  in  Feb.,  1898,  and  these  photographs  taken 
in  July,  1899,  we  can  see  that  the  fertilizer  had  plenty  of  time  to 
spread  through  the  soil  if  there  was  to  be  such  a  process.  In  many 
cases  fine  plots  were  located  towards  the  top  of  the  hill  from  plots 
that  were  very  poor,  as  in  the  case  of  38  and  39  being  located 
above  49  and  51,  yet  no  change  in  these  plots  (49  and  51)  could 
be  attributed  to  the  fertilizer  leaching  through  the  soil.  Plot  29^ 
a  very  poor  one,  was  located  just  above  plot  34  without  detri- 
ment to  the  latter.  Plot  30,  a  sixth  class  plot,  was  located  above 
plot  35,  a  first  class  plot,  yet  no  change  could  be  noticed  in  the 
plants  in  plot  35  that  would  lead  one  to  believe  that  the  fertilizer 
was  leached  from  plot  30  to  35. 

From  a  general  review  of  these  plots  one  is  forced  to  the 
conclusion  that  one-hundredth  acre  plots  are  abundantly  large 
for  preliminary. tests  in  pineapple  fertilizers.  The  soil  does  not 
permit  of  checks  being  placed  between  different  plots.  Other- 
wise for  preliminary  purposes  the  plots  might  be  one-half  the 
size  of  those  used,  thus  materially  reducing  the  expense  of  the 
experiments.  Under  the  existing  conditions  it  is  quite  probable 
that  the  plots  might  have  been  shortened  25  or  50  per  cent,  and 
yet  give  definite  information. 
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FERTILIZER  EFFECTING  LEAF  AREA. 

The  effect  of  fertilizer  upon  young  plants  is  somewhat  dif- 
ferent than  it  is  upon  fruiting  plants.  The  observations  on  leaf 
area  were  taken  on  November  12,  1898.  Observations  were 
again  taken  on  January  8.  1899.  giving  practically  the  same  re- 
sults as  those  on  Xovember  [2,  1898.  That  is  the  plants  from 
Xovember  12  to  January  8  had  made  no  marked  progress  in 
growth,  nor  had  there  been  any  noticeable  change  in  the  relative 
growth  of  the  different  plots. 

To  obtain  the  relative  posiiions  in  the  following  table  leaves 
in  various  plots  were  measured.  The  area  was  obtained  by 
measuring  the  width  of  the  leaves  at  the  base  and  then  their 
length,  then  multiplying  the  length  by  the  breadth  of  the  base 
and  dividing  by  two.  Although  this  does  not  give  us  the  exact 
area  of  the  upper  surface  of  the  leaf,  it  approximates  so  closely 
that  for  the  sake  of  comparison  and  all  practical  purposes,  it  is 
sufficiently  correct. 


Those  plots  whose  leaves  showed  an  average  of  40  to  54 
square  inches  per  leaf  on  the  upper  surface  were  put  in  class  one. 


Fig.  8.— 3nd  Class  Plot-— Biood  and  Bone  and  Muriate  of  Potash. 


Those  plots  whose  average  leaf  surface  showed  an  area  of 
34  to  30  square  inches  were  put  in  class  two. 


Fig.  3.— 3nd  Class  Plot— Nitrate  of  Soda,  Low  Grade  Sulphate  of  Pot- 
ash and  Acid  Phosphate- 


Fig.  *■ — 3rd  Class  Plot-— Sulphate  of  Ammonia.  Kainit  and  Bone  Meat. 

Those  plots  whose  average  leaves  showed  an  area  of  30  to 
26  square  inches  were  put  in  class  three. 


Fig.  a. — Hh  Class  Plot-— Nitrate  of  Soda,  Potassiiim-Magnesinm  Car- 
bonate and  Acid   PhosptiatC' 

Those  plots  whose  leaves  showed  an  average  of  26  to  2a 
square  inches  were  put  in  class  four. 


Fig.  6.— 4(h   Class   Ploi.-   Nitrate  of  Swia.   Kaiiiit   and  Acid   Phosphate- 


Those  plots  whose  average  leaves  gave  an  area  of  22  to  18 
square  inches  were  put  in  class  five. 


Fig-  7— sth  Class  Plot -Siilpliate  of  Ammonia.  Kainit  and  Acid  Phos- 


Fig.  8. — 6th  Class  Plot. — Siilphaie  of  Ammonia.  Muriate  of  Potash  and 
.\eid  Phosphate- 
Those  plots  whose  average  leaves  gave  an  area  of  lesa  than 
i8  square  inches  were  put  in  class  six. 

By  adopting  the  above  standard  blood  and  bone  was  found 
to  give  us  the  largest  leaf  area,  or  approximately  an  average  of 
34.6  square  inches  per  leaf.  The  plots  fertilized  with  nitrate  of 
soda  gave  an  average  of  23.6  square  inches.  Those  plots  fer- 
tilized with  cotton  seed  meal  gave  an  average  of  23.2.  Those  fer- 
tilized with  sulphate  of  ammonia  22.4.  It  will  thus  be  seen  that 
blood  and  bone  produced  plants  with  a  much  larger  leaf  surface 
than  either  nitrate  of  soda,  cotton  seed  meal  or  sulphate  of  am- 
monia. 

Considering  the  different  forms  of  potash  we  find  that  po- 
tassium-magnesium carbonate  stands  at  the  head  with  an  aver- 
age of  30.8  square  inches  lo  the  average  leaf.  Sulphate  of  pot- 
ash, low  grade,  coming  second  with  an  average  of  28.8  square 
inches,  muriate  of  potash  standing  next  with  an  average  of  26^ 
square  inches,  sulphate  of  potash,  high  grade,  coming  fourth  with 
an  average  of  28  square  inches,  and  kainit  coming  last  with  an 
average  of  25.6  square  inches. 

The  difference  in  the  average  leaf  surfaces  between  those 
plots  fertilized  with  bone  meal  and  those  fertilized  with  acid  phos- 
phate comes  out  more  strikingly  than  any  other  of  the  ingredi- 
ents used.    The  average  of  those  fertilized  with  bone  meal  being 
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32.4  square  inches,  while  those  fertilized  with  acid  phosphate 
gave  anly  an  average  of  25.2  square  inches. 

In  short,  then,  when  we  are  fertilizing  young  pines  for  leaf 
area,  or  to  obtain  vigorous  growth,  as  a  source  of  ammonia  we 
would  find  that  blood  and  bone  give  the  best  results.  Next  to 
this  nitrate  of  soda,  then  cotton  seed  meal,  and  the  poorest  re- 
sults were  obtained  from  sulphate  of  ammonia.  In  the  use  of 
potash  we  find  that  the  carbonate  stands  highest,  sulphate  of  pot- 
ash, low  grade,  second ;  muriate  of  potash,  third ;  sulphate  of 
potash,  high  grade,  fourth ;  kainit  last.  Bone  meal  seems  to  give 
an  abundant  supply  of  phosphoric  acid. 

Comparing  thpse  plots  with  incomplete  fertilizers  we  find 
that  where  no  potash  was  used  the  leaf  surface  averaged  28  square 
inches  per  leaf,  while  the  average  of  the  plots  fertilized  with 
complete  fertilizers  gave  an  average  of  28.3  square  inches. 

Kainit  on  the  average  fell  to  25.6  square  inches,  indicating 
that  the  plots  which  received  no  potash  did  better  than  when 
kainit  had  been  added,  thus  indicating  very  clearly  that  kainit  is 
worse  than  useless. 

Those  plots  to  which  no  phosphoric  acid  had  been  supolied 
gave  an  average  leaf  surface  of  26.8  square  inches,  while  the  aver- 
age leaf  surface  of  the  plots  fertilized  with  a  complete  fertilizer 
gave  28.8  square  inches,  showing  very  clearly  that  the  soil  was 
likwise  deficient  in  phosphoric  acid.  Those  plots  treated  with 
acid  phosphate  gave  an  average  leaf  area  of  25.2  square  inches, 
showing  that  this  substance  was  worse  than  useless. 

The  plots  fertilized  with  ammonia  alone  gave  an  average  of 
26  square  inches. 

In  the  connection  with  incomplete  fertilizers  there  were 
some  very  interesting  plots.  Number  27,  which  received  only 
nitrate  of  soda,  gave  an  average  of  37  square  inches  leaf  sur- 
face. Number  28,  which  had  in  addition  to  the  nitrate  of  soda 
sulphate  of  potash,  high  grade,  gave  the  same  size  leaf  surface. 
Plot  27  was  very  severely  injured  by  the  freeze,  while  28  came 
through  better. 

Plot  number  19.  fertilized  with  sulphate  of  ammonia,  gave 
only  16.5  square  inches  of  leaf  surface.  Number  20,  fertilized 
with  sulphate  of  ammonia  and  sulphate  of  potash,  high  grade, 
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gave  the  same  size  leaf  surface.  Plot  number  34,  fertilized  with 
blood  and  bone,  having  the  largest  leaf  area,  was  very  severely 
injured  by  the  freeze,  fell  to  the  second  class  plot  by  July  6, 
1899.  Plot  number  14  stood  second  in  size  leaf  area  and  fer- 
tilized with  cotton  seed  meal,  bone  meal  and  potassium-mag- 
nesium carbonate  was  only  slightly  injured  by  the  freeze,  but 
fell  to  the  third  class  plot  by  July,  1899. 


TABLE  SHOWING    RELATIVE    LEAF   AREA.     INCOMPLETE 

FERTILIZER.— NOV.  12,  1898. 


NO    POTASH. 

NO  PHOS.  ACID    ( 

cont'd. 

Plot      1234516 

Plot         I        2        3 

456 

I                                 * 

10 

* 

4 

13     * 

6                              * 

16                        * 

- 

19 

* 

19 

* 

27   * 

20 

* 

34   * 

27     * 

28     * 

NO  PHOSPHORIC  ACID. 

NEITHER    POT.    NOR   PHOS. 

Plot      123456 

Plot         I        2        3 

4     5  16 

I                                 * 

I                                  * 

2                                           * 

19 

7                      * 

27     * 

1 
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TABLE    SHOWING    RELATIVE     LEAF    AREA.— AMMONIAS 

COMPARED.— NOV.  12,   1898. 


COTTON  SEED  MEAL. 

SUL.   AMMONIA   CONt'D. 

Plot       I  1  2      3      4      5      6 

I   1  2      3      4      5      6 

III*. 

26                            1             * 

""2                             1             *           , 

42                       *                      1 

■       3       1             11* 

46                                         * 

4l             11* 

48     * 

5             1 

49 

C~                   1* 

50          *                11 

IT'          *1 

51 

8    r 

NITRATE    OF    SODA.. 

9               1       1          * 

lO                  1                    * 

Plot      1234)56 

».\J                      1 

27  *               i 

II      *     1 

12                                  *              1 

28  *              II 

*  **                                                                                                    1 

29                 1*1 

13    *                       1 

14   * 

30           * 

IS                              *  1 

t3i           * 

i6                 * 

132                       *         1 

J33                       * 

17 

^ 

i8                              * 

41                            1         * 

40                 * 

45                                    * 

44    * 

BLOOD  AND  BONE. 

SULPHATE    AMMONIA. 

Plot       I      2      3     4  1  s      6 

Plot       I  1  2      3     4      5      6 

34   * 

19                                                  1    * 

35    *                             1 

20                                                      * 

36!  * 

21                                 * 

37          *                      ' 

22              *                      1 

t38          *                      1 

$23                                               1    * 

t39   * 

J24                       * 

43                 *  1 

1:25                                          * 

47              1         * 

§See  illustration  on  previous  page-   Photographed  November,   1898. 
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TABLE     SHOWING     RELATIVE     LEAF     AREA- 

COMPARED.— NOV.  12,  1898. 


■POTASHES 


KAINIT. 


Plot      123456 

10                           * 

II       * 

12 

* 

$24 

1 

J25 

♦ 

t32                                *             1 

37          *         ! 

41                          1         * 

45 

!          1* 

SUL.  POTASH,  L.  G. 

Plot      I      2     3     4     s  1  6 

2 

1 

* 

3 

5 

♦ 

t3i          * 

36I  * 

50      *          i 

51 

SUL.  POTASH,  H.  G. 

Plot         I        2 

3 

456 

16 

♦ 

17 

♦ 

18        !              !          * 

20                    •                  1                                                       .       * 

21 

♦ 

28     * 

29 

.  * 

35l 


SUL.  POTASH,  H.  G.,  CONT'd. 


Plot   1  I 

2 

3 

456 

40 

* 

42 

♦ 

44    * 

46 

♦ 

49 

* 

MURIATE  OF  POTASH. 

Plot      I 

2 

3 

456 

7 

*         1 

8 

* 

9 

* 

22 

* 

t      ' 

J23 

* 

30 

* 

J38 

« 

POT.-M. 

AG.  < 

:arbonate. 

Plot       I 

2 

3 

456 

13     * 

14     * 

IS 

*  1 

26 

* 

t33 

♦ 

t39   * 

43 

* 

— 

47       1 

* 

48   * 

— 

§See  illustration  on  previous  page-    Photographed  November,   1898. 
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TABLE    SHOWING     RELATIVE     LEAF     AREA.— AMMONIAS 

COMPARED.— NOV.   12,   1898. 


COTTON  SEED  MEAL. 


Plot   I  I  1  2  1  3  I  4  I  5  I  6 


SI 

~6\ 


8 


lO 


II 


12 


13 


14 


IS 


i6 


17 


i8 


40 


44 


Plot 


19 


20 


2I{ 
22 


t23 


t24 


t25 


SULPHATE   AMMONIA. 


I  I  2  I  3  I  4  I  S  I  6 


SUL.    AMMONIA    CONT  D. 


I       2       3 

456 

26 

* 

42                         * 

1 

46 

* 

48  * 

1 

49                 * 

1       1 

50 

1      I 

51 

1 

NITRATE   OF 

SODA^ 

Plot        I        2    1   3 

456 

27     * 

i    1 

28     * 

1    1 

29 

*l 

30!                      * 

t3i          * 

1 

132 

*l    1 

1:33 

* 

4I| 

1 

45 

* 

BLOOD  AND  1 

SONE. 

Plot       I      2      3 

4  1  5     6 

34     * 

35     * 

36!    * 

1 

37          * 

1 

t38          * 

1      1 

1:39   *         1 

1 

43                 * 

47              1 

*         1 

§See  illustration  on  previous  page.   Photographed  November,   18d8. 
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TABLE     SHOWING     RELATIVE     LEAF     AREA.— POTASHES 

COMPARED.— NOV.  12.  1898. 


KAINIT. 


Plot        I    1    2 

3     4 

5     6 

lO 

♦ 

III             * 

12                              * 

$24                      * 

J25 

* 

t32 

*i 

37          *         ! 

41 

1     * 

45                     ! 

SUL.  POTASH,  L.  G. 

Plot      1234 

S     6 

2 

1 

* 

3 

♦ 

5 

t3i          *         1 

1 

36   * 

50I 


51 


SUL.  POTASH,  H.  G. 


Plot    I    I    I    2    I    3 


I6| 


17I 


i8| 


I      !      I 


20 


21 


28| 


29I 


3Sl 


4l  5  |6 


.», 


SUL.   POTASH,  H.   G.,  CONT  D. 


Plot      I      23     4     5     6 

40                * 

42 

* 

44 

* 

46              1 

49                 * 

MURIATE  OF   POTASH. 

Plot      I     2     3     4     s  1  6 

7                   1             * 

8          * 

9                              * 

22 


y 


T 


23I 


30 


t38| 


POT.-MAG.  CARBONATE. 


Plot   |i|2|3l4ls|6 


13l 

Hi 


iSl 


*  I 


26I 


t33 


t39l 


43l 


47l 


48I 


I  See  illustration  on  previous  page*    Photographed  November,   1898. 
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TABLE    SHOWING    RELATIVE    LEAF   AREA.— PHOSPHORIC 

ACIDS    COMPARED.— NOV.    12,    1896. 


BONE   MEAL. 


Plot       I 

2     3  14     5     6 

3 

*  1 

4 

* 

8 

* 

11 

* 

14    * 

17 

1  * 

21 

*  • 

22 

* 

+  24 

* 

48     * 

1 

SO 

3|C 

BLOOD  AND  BONE. 


Plot         I        2 

3     4     5     <> 

34   * 

35   * 

36   * 

37          * 

t38          * 

1:39   * 

43 

* 

47 

* 

ACID   PH 

OSPHATE. 

Plot         I        2 

3456 

5 

* 

6 

* 

9 

* 

12 

* 

1 

15 

1              * 

ACID  PHOSPHATE 

CO  NT  D 

• 

1         Plot         I         2        3 

;       18 

4' 

- 
* 

6 

* 

t23 

!        J25 

* 

26 

♦ 

. 

29 

* 

30              * 

til 

:      t32 

4c 

t33 

* 

40                 * 

41 

* 

42          * 

43 

44    * 

1 

45 

* 

46 

♦ 

47               i 

* 

1 
1 

49                 * 

51          i  * 

1 

: 

1 

1 

1 
1 

1 

1 

1 

1    . 

1 

tSee  illustration  on  previous  page.     Photographed  November,  1898. 


iikI    Sliape    of   Average    Leaf- 
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The  foregoing  diagrams  illustrate  the  relative  amount  of 
leaf  area.  The  width  of  each  triangle  represents  the  width  of 
the  leaves,  and  the  length  of  each  triangle  the  length  of  the 
leaves  of  the  plot  corresponding  to  the  number  given.  The  space 
between  two  lines  represents  one  inch  in  length  and  each  square 
a  square  inch.  By  looking  over  the  various  plots  it  will  be  no- 
ticed that  there  is  decided  variation  in  the  width  of  the  leaves. 
Plot  45  had  the  narrowest  leaves,  being  only  one  and  three- 
eighths  inches  wide,  though  not  the  shortest  leaves.  Plots  17, 
20,  32  (see  fig.  6)  and  41  come  next  in  order  with  leaves  an 
average  of  one  and  five-eighths  inches  broad  at  the  base.  Plot 
36  had  the  broadest  leaves,  being  two  and  five-eighths  inches 
broad  at  the  base.  Plots  35  (see  plate  6),  39  (see  fig.  i)  and  48 
had  leaves  with  an  average  width  of  two  and  three-eighths 
inches  at  the  base.  There  is  also  a  very  considerable  variation 
in  the  length  of  the  leaves,  this,  however,  not  being  coincident 
with  the  width  of  the  leaves.  Plot  41  had  the  shortest  leaves,  but 
not  the  narrowest.  Plot  20  had  leaves  whose  average  length 
was  twenty  and  one-half  inches,  just  a  little  longer  than  plot  41. 
Plot  28  (see  right  half  of  glate  5)  had  the  longest  leaves,  averag- 
ing thirty-three  inches.  Plot  2"]  had  plants  with  leaves  thirty- 
one  and  one-fourth  inches  long.  In  plot  25  (see  fig.  7)  the 
leaves  of  the  plants  had  an  average  length  of  31  inches.  In 
plots  14  and  50  (see  left  half  plate  8)  the  plants  had  leaves  with 
an  average  length  of  30  inches.  In  plot  34  the  average  length 
of  the  leaves  is  32  inches.  By  looking  over  the  diagram  it  will 
be  noticed  that  the  widest  leaves  are  not  the  longest  leaves.  In 
plot  34  the  leaves  had  an  average  surface  of  40  square  inches, 
yet  the  leaves  were  neither  the  widest  nor  the  longest  leaves, 
being  32  inches  long  and  two  and  one-half  inches  wide. 

On  the  other  hand  the  shortest  leaves  are  not  the  narrowest 
leaves,  as  we  will  notice  by  comparing  leaves  in  the  table.  We 
will,  however,  notice  in  the  table  that  the  five  best  plots — num- 
bers 35  (see  plate  6),  36,  37,  38  (see  plate  8),  and  39  (see  fig.  i), 
have  a  very  large  comparative  leaf  surface.  However,  plot  num- 
ber 34,  which  was  fertilized  with  blood  and  bone  only  had  the 
largest  leaf  surface  (Nov.  8,  1898,)  in  the  field.  What  the  yield 
in  fruit  would  have  been  had  no  freeze  occurred  can  be  approxi- 


70 

mated  more  or  less  closely  by  the  number  of  blooms  which  did 
occur.  By  referring  to  the  notes  we  find  that  only  two  per  cent, 
of  the  plants  were  in  bloom  at  the  time  of  the  freeze.  Yet  while 
this  plot  had  the  largest  leaf  area  in  the  field  it  produced  a  small 
amount  of  fruit  and  was  very  seriously  injured  by  the  freeze. 
Plot  number  14  came  second  in  size  in  regard  to  leaf  area, 
showed  very  little  fruit,  matured  less  than  one  per  cent.,  and 
stood  the  freeze  remarkably  well.  Plot  27  was  next  in  order  of 
leaf  area,  showed  twenty  per  cent,  of  plants  in  bloom  at  the  time 
of  the  freeze  and  matured  less  than  one  per  cent,  of  very  small 
apples.  (It  will  be  remembered  that  this  plot  was  fer- 
tilized with  nitrate  of  soda  only.)  It  suffered  excessive  injury 
from  the  freeze,  which  reduced  the  leaves  almost  to  zero,  but 
rapidly  recuperated  during  the  spring.  Plot  28  (see  right  half 
of  plate  s),  came  next  in  size  of  leaf  area,  showed  twenty  per 
cent,  of  fruit,  being  very  much  larger  than  those  matured  in  27. 
The  frost  resistance  of  this  plot  was  strikingly  better  than  that 
of  27. 

QUANTITY  OF  FERTILIZERS  AND  FREEZE  RESIST- 
ANCE. 

It  will  be  remembered  from  previous  statement  that  all  sec- 
tions A  received  the  normal  amount  of  the  normal  fomula  of 
fertilizer.  That  all  sections  B  received  twice  the  normal  amount 
of  ammonia  and  the  normal  amount  of  potash  and  phosphoric 
acid.  That  all  sections  C  received  the  normal  amount  of  am- 
monia, twice  the  normal  amount  of  potash,  and  the  normal 
amount  of  phosphoric  acid.  That  all  sections  D  were  fertilized 
with  the  normal  formula,  but  received  50  per  cent,  more  fertilizer 
than  sections  A.  That  all  sections  F  received  100  per  cent,  more 
of  the  normal  formula  of  fertilizer  than  sections  A. 

As  soon  after  the  freeze  as  conditions  would  permit  inspec- 
tion to  be  made,  notes  were  taken  upon  the  effect  of  the  freeze 
on  different  sections,  as  well  as  upon  the  different  plots  of  the 
field.  Plots  3,  5,  8,  II,  14,  31  (see  fig.  3),  49  (see  right  half  of 
plate  8),  and  51  showed  some  variation  in  the  different  sections 
of  the  same  plots  in  freeze  resistant  qualities.  Plots  12  (see  right 
half  of  plate  3),  15,  17,  18,  21,  22  (see  right  half  plate  4),  23 
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(see  left  half  plate  4),  24  (see  fig.  4),  25  (see  fig.  7),  26,  29  (see 
left  half  plate  5),  30,  32,  33,  34,  35  (see  plate  6),  36 ;  37 ;  38  (see 
fig.  2  and  plate  7) ;  39  (see  fig.  i)  and  50  (see  left  half  plate  8), 
showed  no  variation  of  the  effect  of  the  freeze  in  different  sec- 
tions of  the  same  plot.  The  rmaining  plots  had  been  fertilized 
with  incomplete  fertilizer  formulae,  or  were  not  sub-divided  into 
sections.  Consequently  these  could  not  come  into  the  present 
consideration. 

In  plot  3,  section  D  was  injured  least.  Sections  A,  B  and 
C  were  injured  more  than  D.  Sections  F  more  than  A,  B  and 
C.    Section  E  was  injured  most. 

In  plot  5  section  F  was  injured  most,  E  least  and  the  re- 
maining four  sections  about  equally,  and  more  than  E  and  less 
than  F. 

In  plot  8  section  A  was  injured  least,  B  stood  next,  C  and 
F  next,  and  B  and  E  were  injured  most. 

In  plot  9  sections  C  and  D  were  injured  least  and  about 
equally.  Sections  B  and  E  were  equally  injured,  but  less  so 
than  A.     Section  F  was  injured  most  in  the  plot. 

In  plot  1 1  section  F  was  injured  least,  E  stood  next  and  the 
rest  were  about  equally  injured  and  more  so  than  E. 

In  plot  14  section  F  was  injured  least,  sections  E  and  C 
stood  next,  and  sections  A,  B  and  D  were  about  equally  injured 
and  worst. 

In  plot  31  section  A  was  injured  least,  B,  C  and  D  were 
about  equally  injured  and  stood  next  to  A.  Sections  E  and  F 
were  about  equally  and  most  severely  injured. 

In  plot  49  (see  plate  8,  right  half,)  section  D  was  injured 
least,  the  other  sections  being  injured  about  equally  and  more 
than  D. 

In  plot  51  sections  E  and  F  were  injured  least  and  about 
equally,  the  remaining  four  being  injured  more  and  about  equal- 
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TABLE  SHOWING  EFFECT  OF  FREEZE  WHEN  AFFECTING 

SECTIONS  DIFFERENTLY. 
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DEDUCTION. 

Reducing  the  whole  matter  to  a  table,  we  can  make  the 
following  interesting  deductions:  ^yhen  there  was  any  differ- 
ence in  the  sections  of  ai  plot  A,  C  and  D  stood  the 
freeze  best  on  an  average.  Section  B  stood  the  freeze 
next  to  A,  C  and  D.  Sections  E  and  F  were  most 
frequently  injured  most  severely.  Sections  B  were  severe- 
ly injured  on  the  average.  By  further  generalizing  upon 
this  we  may  see  that  the  normal  formula,  or  an  abundant 
supply  of  potash  and  phosphoric  acid  caused  the  plants  to  be 
somewhat  frost  resistant.  The  extra  supply  of  ammonia  caused 
the  plants  to  be  sensitive  to  frost.  An  abundant  supply  of  the 
normal    formula    caused    the    plants    to    be    more!    sensitive 


vThese  figures  refer  to  relative  standing  of  the  sections  in  the  plot, 
1  resisting  freeze  best*  and  6  least.  Where  the  same  number  occurs 
twice  no  difference  was  noticed  between  the  sections  having  the  same 
figures.  The  figures  of  different  plots  bear  no  relation  to  one  another. 
For  example,  section  A  of  plot  9  may  have  been  more  severely  or  less 
severely  froren  than  section  A  of  plot  11. 


73 

to  frost.  Sections  F,  though  having  just  as  much  am- 
monia as  sections  B,  were  on  an  average  less  frost  resistant 
than  sections  B.  This  is  probably  due  to  their  having  an  addi- 
tional amount  of  potash  and  phosphoric  acid,  though  sections 
F  were  not  on  an  average  as  frost  resistant  as  sections  C  and 
D,  nor  can  we  ascribe  this  peculiarity  to  the  plants  in  these  sec- 
tions, being  of  a  more  succulent  growth,  as  this  does  not  seem 
to  be  borne  out  by  the  notes.  At  least  that  was  the  condition 
of  the  growth  it  was  not  apparent.  It  is  also  interesting  in  this 
connection  to  notice  that  plots  fertilized  with  acid  phosphate  are 
no  more  nor  less  frost  resistant  than  those  fertilized  with  bone 
meal. 

QUALITY   OF    FERTILIZER   AND    FREEZE    RESIST- 
ANCE. 

COMPLETE  FORMULAE. 

Turning  our  attention  now  to  the  plots  which  showed  no 
variation  of  sensitiveness  to  frost  in  the  Various  sections  we  find 
a  much  more  interesting  variation  in  the  frost  resistants  of  the 
several  plots  due  to  a  difference  in  source  of  the  fertilizer. 

AMMONIAS. 

Comparing  the  different  forms  of  ammonia  we  find  those 
plots  that  are  fertilized  with  nitrate  of  soda  very  sensitive  to 
frost,  those  fertilized  with  sulphate  of  ammonia  stand  next  in  the 
scale,  those  fertilized  with  cotton  seed  meal  coming  third  and 
those  fertilized  with  blood  and  bone  least  sensitive.  There  being 
somewhat  of  a  regular  step  between  the  four  different  forms, 
nitrate  of  soda  standing  at  S  points,  sulphate  of  ammonia  4.20 
points,  cotton  seed  meal  3.55  points,  blood  and  bone  standing  at 
2.75  points.  Zero  representing  plants  not  injured  and  six 
points  representing  plants  frozen  to  the  ground. 

POTASHES. 

By  adopting  the  same  standard  for  determining  the  relative 
position  which  the  different  forms  of  potash  occupy  we  find  that 
kainit  stands  at  4.77  points.  Muriate  follows  this  as  a  very  close 
second  with  4.14  points.    Sulphate  of  potash,  low  grade,  comes 
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third  in  the  list  with  3.71  points.  Sulphate  of  potash,  high  grade, 
stands  fourth  with  3.15  points.  Potassium-magnesium  carbonate 
coming  in  as  most  frost  resistant  with  a  very  wide  gap  in  its 
favor,  standing  at  2.77  points. 

ACID  PHOSPHATE  AND   BONE  MEAL. 

So  far  as  these  experiments  go  bone  meal  seems  to  have  no 
advantage  in  producing  freeze  resistant  plants  over  acid  phos- 
phate. This  is  quite  remarkable  in  view  of  the  fact  that  bone 
meal  produces  so  much  more  leaf  surface  than  acid  phosphate. 

INCOMPLETE   FORMULAE. 

Those  plots  fertilized  with  incomplete  fertilizers  in  which 
potash  was  wanting  stood  at  4  points.  Those  plots  in  which 
phosphoric  acid  was  wanting  stood  at  3.9  points.  Those  fer- 
tilized with  ammonia  alone  stood  at  4.23  points.  The  number 
of  incomplete  plots  and  the  arrangement  of  them  make  these 
results  less  striking  than  they  would  probably  be  if  this  portion 
of  the  experiment  had  been  carried  out  with  greater  detail,  but 
the  matter  of  the  freeze  in  connection  with  these  experiments 
was  altogether  incidental,  and  not  a  part  of  the  plan. 

CONCLUSION. 

In  brief  it  may  be  said  that  plots  treated  with  a 
fertilizer  whose  ammonia  has  been  derived  from-  blood 
and  bone  are  more  frost  resistant  than  plots  fertilized 
with  ammonia  derived  from  cotton  seed  meal,  sulphate 
of  ammona,  or  nitrate  of  soda.  That  plots  upon  which 
potassium-magnesium  carbonate  has  been  used  as  a  source  of 
potash  are  more  frost  resistant  than  where  kainit,  muriate  of 
potash,  sulphate  of  potash,  low  grade,  sulphate  of  potash,  high 
grade,  has  been  used.  That  on  a  whole  plots  fertilized  with 
incomplete  fertilizers,  i.  e.,  one  in  which  one  or  two  of  the  three 
essential  elements  are  wanting,  are  less  frost  resistant  than  the 
average  of  those  that  have  been  fertilized  with  a  complete  ferti- 
lizer. An  excess  of  ammonia  over  the  normal  formula  appears  to 
make  the  plants  less  frost  resistant.  An  excess  of  potash  or 
phosphoric  acid  does  not  seem  to  increase  the  frost  resistant 
qualities  over  the  normal  formula. 
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TABLE  ILLUSTRATING  FERTILIZERS  AND  FREEZE  RESIS- 
TANCE.   AMMONIAS  COMPARED.— FEB.  18,  1899. 


COTTON  SEED  MEAL. 
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*For  explanation  see  discussion  of  ammonias,  page  73. 

■j- Illustrated  by  a  figure,  see  previous  pages.  These  photographs  were 
taken  November,  1898. 

§  Illustrated  by  a  plate,  see  end  of  bulletin.  These  photographs  were 
taken  July,  1899. 


Bui.  40-6 
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TABLE  ILLUSTRATING  FERTILIZERS  AND  FREEZE  RESIS- 
TANCE.   POTASHES  COMPARED— FEB.  18.  1898. 
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SUL.  POTASH,  H.  G.  CONT'D. 
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*For  explanation  see  discussion  of  ammonias*  page  73. 
^Illustrated  by  a  figure,  see  previous  pages.    These  photographs  were 
taken  November,  1898. 

I  Illustrated  by  a  plate,  see  end  of  ^  ulletin.      These  photographs  were 
tpken  July,  1898. 
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TABLE    ILLUSTRATING    FERTILIZERS    AND    FREEZE    RE- 
SISTANCE.—BONE  MEAL  AND  ACID  PHOS- 
PHATE COMPARED.— FEBRUARY  18,  1899. 
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*For  explanation  see  discussion  of  ammonias,  page  73. 

Jlllustrated  by  a  figure,  see  previous  pages.    These  photographs  were 
taken  November,  1898. 

|IIlustrated  by  a  plate,  see  end  of  bulletin.      These  photographs  were 
taken  July.  1S9S. 
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LEAF  AREA  AND  FREEZE  RESISTANCE. 

It  is  not  an  unusual  belief  among  pineapple  growers,  and 
also  among  experimenters  with  fertilizers,  that  the  production 
of  leaf  area  and  freeze  resistance  are  coinicident,  i.  e.,  many  peo- 
ple believe  that  certain  pineapple  fields  escape  being  frosted  be- 
cause they  contain  a  greater  amount  of  foliage  than  neighbor- 
ing fields  which  were  more  severely  hurt.  All  other  conditions 
being  exactly  the  same  it  goes  without  saying  that  the  field  of 
pines  with  an  abundant  foliage  is  much  more  frost  resistant  than 
one  with  less  amount  of  foliage.  Also  that  the  difference  of  a 
few  rods  in  a  field  often  makes  a  difference  between  that  of  plants 
being  frosted  and  plants  escaping.  A  very  slight  protection,  as 
a  tree  or  shrubbery  or  a  wind  break  often  has  the  same  effect. 
Fortunately  for  our  experiments  none  of  these  conditions  came 
in  to  make  any  difference  in  the  field,  i.  e.,  those  plots  which 
have  been  compared  had  an  identical  exposure  without  any  dif- 
ference in  the  way  of  frost  protection  of  trees  and  the  plots  being 
very  small,  only  a  few  square  yards,  puts  it  practically  out  of  the 
question  that  there  was  any  other  disturbing  agent  than  that  of 
the  fertilizers  applied  to  the  soil.  This  is  further  enforced  by 
the  fact  that  the  freeze  cut  the  plants  exactly  to  the  row.  So 
that  plants  occupying  a  place  only  a  few  inches  removed  from 
the  others  showed  a  marked  difference  in  their  frost  resistance. 
This  was  so  noticeable  that  it  could  be  seen  from  the  car  win- 
dow while  riding  on  a  passing  train.  Photographs  were  taken 
with  the  hope  that  some  difference  could  be  detected  in  these, 
but  unfortunately  the  proper  kind  of  plates  were  not  obtainable 
at  the  time.  Later  when  the  frozen  leaves  were  broken  down 
and  showed  a  clear  contrast  between  the  frozen  and  the  portions 
that  were  not  frozen  the  time  could  not  be  spared  to  get  these 
photographs. 

By  turning  to  the  table  on  pages  65-7  which  compares  the 
leaf  areas  of  different  plots  we  find  that  plots  34,  27  and  28  are 
among  those  that  have  the  greatest  leaf  area.  Plot  number  34 
seems  to  stand  first,  and  at  the  same  time  was  probably  hurt 
worse  than  any  other  plot  in  the  field,  unless  possibly  27  was 
injured  more.  Yet  plot  34  occupied  a  place  in  the  immediate 
vicinity  of  plots  only  slightly  injured,  and  nearly  contiguous  to 
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plot  39  (see  fig.  i),  the  plot  injured  least  in  the  whole  field  by 
the  freeze.  Plots  27  and  28  were  contiguous,  and  yet  plot  27 
was  frozen  almost  to  the  ground,  whUe  plot  28  escaped  with 
about  30  or  40  per  cent,  of  the  area  of  the  leaves.  We  might 
compare  plot  28  with  plot  29,  the  former  having  an  abundant 
leaf  surface,  the  latter  not  more  than  about  one-fourth  of  the 
area,  yet  29  came  through  with  a  much  less  comparative  loss 
of  leaf  surface  than  28. 

In  view  of  last  winter's  experience  we  can  hardly  do  other- 
wise than  come  to  the  conclusion  that  pineapple  plants  may  be 
so  fertilized  as  to  cause  them  to  be  much,  more  frost  resistant 
than  they  are  at  present.  When  we  remember  that  during  the 
freeze  of  last  winter  plugs  of  ice  formed  in  the  bud  of  the  plants 
we  are  really  astonished  that  pineapples  escaped  total  destruc- 
tion. 

In  the  following  three  tables  a  star  in  column  i  denotes  that 
the  plants  escaped  with  a  loss  of  less  than  20  per  cent,  of  its 
foliage.  In  column  2  denotes  that  20-35  P^  cent,  was  lost.  In 
column  3,  35-50  per  cent.  In  column  4,  50-65  per  cent.  In  col- 
umn 5,  65-80  per  cent.    And  in  column  6,  over  80  per  cent. 

Compare  table  on  pages  65  to  67,  illustrating  fertilizer  and 
freeze  resistance  and  plates  i  and  2,  showing  diagrams  of  leaf 
area. 
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FERTILIZERS  AS  CONTROLLING  EARLINESS. 

On  the  foregoing  pages  we  havfe  been  considering  the  efikct 
of  fertilizer  in  producing  frost  resistance  in  plants.  It  is  like- 
wise interesting  to  notice  that  some  fertilzers  under  similar  con- 
ditions  seem  to  force  plants  into  bloom  earlier  than  others.  Ni- 
trate of  soda  seems  to  start  the  plants  early  and  cause  a  large 
number  of  blooms  to  appear.  In  plot  28,  90  per  cent,  of  the 
plants  showed  bloom  at  the  time  of  the  freeze,  February  13,  1899, 
while  less  than  10  per  cent,  of  the  plants  matured  fruit.  This  10 
per  cent,  includes  some  of  the  fruit  that  was  not  frozen  at  that 
time.  Taking  into  further  consideration  plots  35  (see  plate  6), 
36*  37>  38  (see  plate  7),  and  39  or  the  five  plots  belonging  in 
first  class,  we  find  that  these  had  many  flower  bud  showing  at 
the  time  of  the  freeze.  Plot  35  showing  92  per  cent,  of  the  plants 
in  bloom,  while  15  per  cent,  of  the  plants  matured  fruit.  Plot 
36  showed  70  per  cent,  in  bloom,  while  10  per  cent  matured  fruit. 
Plot  37  showed  60  per  cent,  of  the  plants  in  bloom  and  3  per  cent, 
matured  fruit.  In  plot  38,  90  per  cent,  of  the  plants  showed 
bloom  and  17  per  cent,  matured  fruit.  In  plot  39,  50  per  cent, 
of  the  plants  showed  bloom  and  30  per  cent,  matured  fruit.  Plot 
34,  in  which  no  potash  was  used,  there  was  only  2  per  cent,  of 
blooms  showing  and  the  plot  matured  only  10  per  cent,  ol  the 
fruit.  From  the  experiments  at  hand  it  would  seem  that  among 
the  potashes  high  grade  sulphate  of  potash,  induced  the  plants 
to  bloom  early.  Next  would  come  muriate  of  potash,  then  low 
grade  sulphate  of  potash,  kainit,  and  next  potassium-magnesium 
carbonate  would  retard  them  most.  Nitrate  of  soda  and  high 
grade  sulphate  of  potash  induced  an  early  bloom,  and  one  that 
was  very  sensitive  to  the  frost;  consequently  few  plants  in  plot 
28  matured  fruit.  The  following  table  shows  the  approximate 
size  of  the  fruit  and  the  amount  produced  bv  each  of  the  five 
first  class  plots,  giving  them  by  sections. 

By  studying  the  table  page  81  one  is  surprised  to  find  how 
uniformly  sections  A,  B  and  C  are  superior  to  D  and  E.  It 
seems  to  indicate  that  the  limit  of  profitable  fertilization  has 
been  reached  in  section  A.  But  we  must  not  generalize  on  this 
table  since  we  do  not  know  what  would  have  been  the  results 
had  no  freeze  occurred.    We  have  no  reason  for  supposing  that 
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the  sections  would  have  occupied  the  same  relative  positions  had 
no  freeze  occurred.  It  is  certain,  however,  that  those  buds  that 
would  have  made  the  largest  apples  and  the  best-paying  ship- 
ments were  the  ones  that  were  frozen. 

When  the  pineapples  were  packed  it  was  found  that  there 
were  4  crates  of  36s,  6  crates  of  42s,  4  crates  of  48s,  and  2  crates 
of  54s,  indicating  that  the  estimate  of  the  size  of  the  pines  which 
was  made  in  the  field  was  below  the  right  figure. 


TABLE  OF  FRUIT  PICKED  JUNE  29,  1W9. 


PLOT  35. 

PLOT  38. 

• 

0 

M 

• 

H 

1-4 

• 

0 

riTs. 

tJ 

SIZE  OF  FRUIT 

1 

• 

g 

SIZE  OF  FRTHT. 

I 

H 

fx< 

M 

(X 

M 

• 

CO 

■ 

0 
Z 

0 

■ 

30s  36s  42s  48s  S4S 

30s  36s 

42s 

48sf.«;4S 

» 

A 

5 

8 

22 

6 

41 

A 

21 

9 

' 

30 

B 

6 

II 

4 

2 

23 

B 

4 

4 

3 

4 

IS 

C 

3 

II 

3 

4 

21 

C 

9 

20 

4 

33 

D 

2 

2 

D 

6 

5 

II 

E 

2 

2 

E 

2 

4 

7 

13 

14 

30 

29 

12  89 

4  42 

41 

15 

102 

PLOT  36. 

PLOT  39. 

A 

I 

14 

IS 

A 

27 

8 

12 

37 

B 

I 

2 

9 

4 

16 

B 

13 

25 

13 

$1 

C 

6 

4 

2 

12 

C 

23 

7 

8 

38 

D 

3 

7 

10 

D 

10 

II 

21 

E 

2 

6 

8 

E 

10 

II 

6 

27 

I 

14 

10 

27 

61 

1   1   1  83I  62|  39|i74 

PLOT  37. 

A 

I 

8 

7 

16 

B 

2 

2 

C 

3 

3 

6 

D 

I 

I 

2 

E 

6 

6 

I  9  II 

III  32 

82 


TABLE  CLASSIFYING  PLOTS  AND  GIVING  FERTILIZERS — 

FIRST  CLASS  PLOTS. 


SOUSCE6  OF 


Ammonia 


Blood  and 
Bone. 


Phos. 
Acid. 


SOiaiCEB   OP   POTASH. 


Kainit 


Plot  37. 
poorest. 


Sul.Pot. 
low  gr. 


Sul.  Pot  Muriate 
high  gr.  Potash. 


t'lol  36|Plt35^f!Plt38§t 
eql  to  35!  betr.  37lsec   bst. 


Pot-Mg 
Carb. 


No. 
Potash. 


Plot  39  + 
best     ! 


SECOND  CLASS  PLOTS. 


Nitrate 
Soda. 

No.     1 

Plot  28  § 

Do. 

Acid 
Phos. 

Plot  41 1 
Lime. 

Blood  and 
Bone. 



Plot  34. 

Blood  and 
Bone. 

Acid 
Phos. 

Do. 

Bone 
Meal. 

Plot  43 1 
Lime.J 

Do 

Plot  47t 
Muck. 

Sulphate 
Ammonia. 

Plot  42 1 
Lime. 

Plot  48 1 
Mk  &L- 

Do. 

Acid 
Phos. 

— 

Cotton 
Seed  Meal. 

Do. 

P  c  t  tot 
Lime. 

tThe  iios'ii'  n  these  plots  occupy  cannot  be  credited  to  the  presence 
of  muck  or  lime.  The  amount  of  work  done  is  not  sufficient  to  make 
any  generalization  upon,  but  the  indications  are  that  both  the  lime  and 
muck  were  slightly  detrimental. 

•[•Illustrated  by  a  figure,  see  previous  pages.  These  photographs  were 
taken  November,  1698. 

§  Illustrated  by  plate,  see  end  of  Bulletin.     These  photographs  were 
taken  July,  1899. 
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THIRD  CLASS  PLOTS- 


801TRCB8  OF 

80UBCB8  OP  POTASH. 

Ammonia. 

Phos. 
Acid. 

Eainlt. 

-ul  Pot. 
low  grd. 

Sul  Pot. 
high  gr. 

Muriate 
Potash. 

Pot.  Mg. 
1  arb. 

No 
Potash. 

Cotton 
8.  M. 

Bone 
Meal. 

Plot  12  t 

§ 

Do 

Do. 

Plot  14 

Sulphate 
Ammonia. 

Do 

Plot  22  § 

Do. 

Do. 

Plot  50 

FOURTH   CLASS  PLOTS. 


Cotton 
S  M. 

No. 

Plotl 

Do. 

Bone 
Meal. 

I 

Plot  8. 

Do. 

Do 

Plot  11 

Sulphate 
Amuionia. 

No. 

Plot  20 

Nitrate 
Soda. 

No. 

Plot  27. 

J  Received  one  application  of  bone  meal  November  4-12  by  inad- 
vertent laborer. 

•|- Illustrated  by  a  figrure*  see  previous  pages.  These  photographs  were 
taken  November,  1898. 

§  Illustrated  by  a  plate,  see  end  of  bulletin.  These  photographs  were 
taken  July,  1899. 
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FIFTH  CLASS  PLOTS. 


80URCB 

8  OF 

Phos. 
Acid 

SOURCES   OF  POTASH 

Ammonia. 

Eainit. 

Sul.  Pot 
low  grd. 

1 

Sul- Pot. 
high  gr. 

Muriate 
Potaih. 

Pot.  Mg. 
Garb. 

No  Potash 

Cotton 
Seed  Meal. 

No. 

Plot  2. 

Po. 

Bone 
Meal. 

Plot  3. 

Do. 

Do. 

Plot  4. 

Do. 

No. 

Plot? 

Do. 

No. 

Plot  10. 

Do. 

No. 

Plot  16. 

Do. 

Acid 
Phos- 

Plot  44. 
MucK^ 

Sulphate 
Ammonia. 

No. 

■ 

Plot  21. 

Plot  19. 

Do. 

Bone 
Meal. 

Do. 

Do. 

Plot  24 1 

Do. 

Acid 
Phos 

Plot  26. 

Do- 

Do. 

Plot  49  § 

Do. 

Do. 

Plot  61 . 

Nitrate 
Soda 

Do. 

Plot  31 1 

Do. 

Do. 

Plot  33 1 

±Set  first  foot  note»  page  82. 

4- Illustrated  by  a  figure,  see  previous  pages.  These  photographs  were 
taken  November,  1898. 

^Illustrated  by  a  plate,  see  end  of  bulletin.    These  photographs  were 
taken  July,  1899. 
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SIXTH  CLASS  PLOTS. 


80URCB8  OF 


SOURCES  OF  POTASH. 


Ammonia. 

Phos. 
Acid. 

Eainit 

Suphate 

Potash. 

lowgrd. 

Suphate 

Potash 

high  gr. 

Muriate 
Potash. 

Pot-Mg. 
Garb. 

No 
Potash. 

Cotton 
S.M. 

Acid 
Phos. 

Plot  5. 

Do. 

Do. 

Plot  6 

Do, 

Do 

PlotO 

Do. 

Do. 

Plot  \2% 

Do. 

Do 

Plot  15 

Do. 

Do. 

Plot  18 

Do. 

Bone 
Meal. 

Plot  17 

• 

Sulphate 
Ammonia 

Acid 
Phos, 

Plot 
23t§ 

Do. 

Do. 

Plot  25  i 

Do. 

Do. 

Plot  46 
Muck  t 

Nitrate 
Soda. 

Do. 

Plot  29  § 

Do. 

Do. 

Plot  30 

Do 

Do. 

Plot  32  t 

Do. 

Do. 

Plot  45 
Muck  t 

J  See  first  foot  note,  page 


82. 


^Illustrated  by  a  figure*  see  previous  pages.  These  photographs  were 
taken  November,  1898. 

§  Illustrated  by  a  plate,  see  end  of  bulletin.    These  photographs  were 
taken  July,  1899. 
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SOME  REMARKS  ON  THE  NOTES  TAKEN  JUNE  28 

AND  29,  iSgg. 

Plot  5. — ^Taking  this  plot  as  a  whole  it  would  be  put  in  the 
fifth  class.  See  table.  There  is  some  variation  in  the  sections 
which  is  interesting  to  note.  Section  E  stood  first,  distinctly  so. 
Section  B  second,  section  A  third,  section  D  fourth,  section  C 
fifth  and  section  F  sixth.  This  indicates  pretty  clearly  that  the 
normal  formula?  when  these  substances  are  applied  is  about  cor- 
rect. Also  that  the  amount  applied  to  section  E  or  150  per  cent, 
of  the  normal  application  is  the  amount  which  the  plants  can 
appropriate  to  the  best  advantage.  Two  hundred  per  cent,  of 
the  normal  amount  proved  too  much  for  the  plants,  and  in  the 
place  of  doing  them  an  additional  benefit  it  proved  detrimental. 

Plot  6. — The  only  points  of  interest  here  is  that  the  sub- 
stitute for  acid  phosphate  in  bone  meal  in  plot  3  reduced  the 
plot  to  the  sixth  class. 

Plot  8. — In  this  plot  section  A  stood  first,  B  second,  C  third, 
D  fourth,  E  sixth  and  F  fifth.  The  plot  was  fairly  uniform  so 
that  no  ver}*^  strict  deductions  can  be  made  from  it.  It  is  prob- 
able, however,  that  in  section  A  the  normal  amount  was  all  that 
the  plants  could  use.  It  is  possible,  of  course,  that  this  was  even 
more  than  enough.  It  is  interesting  to  note  that  section  C  which 
had  a  double  supply  of  muriate  of  potash,  showed  no  marked 
bad  effect. 

Plot  p  belonged  to  the  sixth  class.  Probably  every  section 
in  this  plot  was  so  bad  that  none  could  be  really  worse. 

Plot  II. — ^This  plot  belonged  to  the  fourth  class,  only  sec- 
tion B  going  at  a  little  higher  rate  or  about  third  class.  Sec- 
tion B  stood  first,  section  E  second,  section  A  third,  section  C 
fourth,  section  D  fifth  and  section  F  sixth.  The  choice  between 
D  and  E  was  not  decided.  This  plot  is  interesting  from  the  fact 
that  the  normal  formula  did  not  seem  to  be  the  best.  That  is 
the  pineapples  could  make  use  of  more  ammonia  than  occurred 
in  the  normal  formula.  Hence  section  B  came  out  best,  and 
when  the  additional  amount  of  potash,  this  being  in  the  form 
of  kainit,  was  added,  it  reduced  the  section  immediately  to  a 
lower  grade.     The  additional  amount  of  phosphoric  acid  still 
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further  lowered  the  grade,  so  as  to  reduce  this  section  F  to  the 
poorest  in  the  plot. 

Plot  12  (see  right  half  of  plate  3),  in  which  occurred  kainit 
and  acid  phosphate;  there  was  no  choice,  all  being  equally 
poor. 

Plot  12  (see  left  half  of  plate  3),  was  treated  to  an  incom- 
plete fertilizer,  one  wanting  in  phosphoric  acid.  By  referring 
to  plate  3  we  see  that  there  is  quite  an  advantage  in  a  change 
of  potash  and  a  rejection  of  the  acid  phosphate  with  which  plot  11 
was  fertilized. 

Plot  14. — In  this  plot  the  sections  were  not  so  variable  as  in 
some  of  those  we  have  just  studied.  Sections  A,  C  and  D  were 
about  equally  good  and  best.  Section  B  was  just  slightly  poorer. 
Section  E  stood  about  third  and  section  F  fourth,  or  poorest. 
From  this  we  may  learn  that  the  normal  amount  of  the  normal 
formula  was  better  in  this  particular  case  than  in  an  increase  of 
of  the  quantity  of  any  of  the  fertilizers.  While  sections  C  and  D 
were  equal  to  A  no  advantage  could  be  seen,  excepting  that  C 
and  D  bore  some  fruit,  while  the  other  sections  did  ^ot.  The 
fact  that  section  E  was  poor  and  section  F  poorest  shows  that 
we  have  at  least  reached  teh  limit  of  the  amount  of  fertilizer  that 
the  plants  could  use  in  sections  A,  C  and  D. 

Plot  15, — All  sections  equally  poor  and  sixth  class. 

Plot  17. — All  sections  equally  poor  and  sixth  class. 

Plot  ip,  fertilized  with  sulphate  of  ammona,  only,  fifth  class. 

Plot  20,  fertilized  with  sulphate  of  ammonia  and  sulphate  of 

potash,  high  grade,  fourth  class,  showing  that  potash  in  addition 
to  the  ammonia  was  an  advantage. 

Plot  21,  as  a  whole,  belonged  to  the  fifth  class.  Section  A 
stands  slightly  best  in  the  plot,  indicating  that  the  amount  of  this 
formula  of  fertlizer  that  the  plants  can  use  was  either  the  amount 
applied  to  section  A  or  something  less. 

Plot  22  (see  right  half  of  plate  4). — This  plot,  as  a  whole,  is 
rated  as  third  class.  Section  B  stood  first,  F  second,  A  third,  D 
fourth,  E  fifth  and  C  sixth.  Section  B  was  decidedly  the  best 
section  in  the  plot,  indicating  that  from  this  source  the  amount 
of  ammonia  used  in  section  A  was  not  as  much  as  the  plants 
could  use.    Section  C  fell  to  sixth  class,  probably  because  muri- 
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ate  of  potash  in  this  combination  is  a  bad  fertilizer.  The  fact 
that  section  E  stood  fifth  and  section  F  second  is  hard  to  ac- 
count for.  In  section  D  ammonia  was  derived  from  bone  meal 
(see  formula,  page  46),  but  not  as  much  was  used  as  in  section 

B. 

Plot  2^  (see  left  half  of  plate  4  and  fig".  8)  was  sixth  class 
and  uniformly  bad. 

Plot  24.  (see  fig.  4.) — Section  E  stood  first,  D  second,  F  third, 
A  fourth,  C  fifth,  B  sixth.  Under  these  particular  conditions 
the  plot  indicates  that  the  plants  could  make  use  of  more  fertilizer 
from  this  source  than  would  be  given  by  the  normal  amount  of 
the  normal  formula.  That  section  D  stood  second  shows  that 
in  this  connection  the  ammonia  from  bone  meal  could  be  utilized 
to  better  advantage  than  sulphate  of  ammonia.  Otherwise  sec- 
tion B  would  have  stood  higher. 

Plot  25  (see  figure  7)  was  sixth  rate,  and  uniformly  bad. 

Plot  26  was  fifth  rate  with  no  section  showing  any  advantage 
over  another. 

Plot  2g  (see  left  half  of  plate  5)  was  a  sixth  rate  plot.  Section 
E  stood  first,  section  F  standing  second  and  A,  B,  C  and  D  all 
about  equally  poor.  The  fact  that  section  D  was  not  perceptibly 
worse  than  section  A  rather  discourages  the  idea  that  acid  phos- 
phate is  detrimental  because  it  contains  some  free  sulphuric  acid. 
And  the  fact  that  E  and  F  are  both  better  than  sections  B,  C  or 
D  indicates  further  that  the  condition  of  the  plants  was  not 
brought  about  by  an  excessive  quantity  of  fertilizer.  We  can 
scarcely  come  to  any  other  conclusion  than  that  the  combina- 
scarcely  escape  from  the  belief  other  than  that  of  the  combina- 
tion of  nitrate  of  soda  and  sulphate  of  potash  either  high  grade 
or  low  grade  and  acid  phosphate  is  a  bad  combination  for  pine- 
apple fertilizer. 

Plot  JO. — In  plot  30  sections  C,  D,  E  and  F  were  all  equally 
bad,  and  poorer  than  A,  B  being  the  best  section  in  the  plot. 

Plot  SI  (see  figure  3.) — Section  A  stood  first,  B  second,  C 
third,  D,  E  and  F  equal,  but  worse  than  C.  In  this  plot  we 
have  nitrate  of  soda,  sulphate  of  potash,  low  grade,  and  acid 
phosphate.  While  the  combination  is  a  bad  fertilizer  it  is  not 
quite  so  bad  as  when  high  grade  sulphate  of  potash  is  used. 
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The  fact  that  section  A  is  best  indicates  that  the  remaining  sec- 
tions have  received  so  much  fertilizer  as  to  prove  injurious  to 
them. 

Plot  32  (see  figure  6.) — Section  D  stood  first,  A  second,  C 
third,  B,  E  and  F  were  about  equal  and  stood  fourth.  Here 
again  we  have  evidence  that  the  detrimental  quantities  of  acid 
phosphate  are  not  due  to  some  caustic  property  within  it.  Oth- 
erwise section  D  would  have  been  poorer  than  section  A.  We 
must  simply  put  it  down  as  a  fact  that  this  combination  of  in- 
gredients makes  a  bad  fertilizer. 

Plot  33  (see  figure  5)  is  not  of  any  particular  interest,  the 
sections  coming  out  almost  like  those  of  32.  The  plot,  as  a 
whole,  being  one  grade  better. 

Plot  34  is  interesting  from  the  fact  that  it  was  fertilized  with 
blood  and  bone.  Until  November,  1898,  this  plot  seemed  to  do 
as  well  as  other  plots  fertilized  with  blood  and  bone  to  which 
had  been  added  potash.  This  is  quite  interesting  from  the  fact 
that  up  to  this  time  there  seemed  to  be  a  sufficient  amount  of 
potash  in  the  soil,  or  otherwise  available  to  carry  the  plant  along 
without  any  perceptible  disadvantage,  but  it  showed  a  decided 
disadvantage  in  passing  the  cold  weather,  for  by  the  time  the 
freeze  occurred  there  was  a  perceptible  falling  off  in  the  size  of 
the  leaves.  The  freeze  wrought  great  injury  from  which  the 
plot  has  not  been  able  to  recover.  It  seems  quite  evident  that 
it  is  merely  a  question  of  time  until  this  plot  must  be  abandoned. 

In  the  matter  of  taste  the  pineapples  from  this  plot  were 
flat  and  insipid,  being  neither  sweet  nor  having  any  edge  to 
them.  This  plot  was  decided  in  three  sections — A,  B  and  C.  A 
received  the  normal  amount  of  ammonia,  B  150  per  cent,  the 
normal  amount  of  ammonia,  6  200  per  cent.,  the  most 
normal  amount,  while  plot  C  matured  the  greatest  num- 
ber of  apples,  otherwise  there  was  no  perceptible  advantage. 
At  the  time  of  the  freeze  only  2  per  cent,  of  the  plants 
were  in  bloom,  and  only  13  per  cent,  of  the  plants  matured  fruit. 
Supposing  that  all  of  the  blooms  which  showed  at  the  time  of 
the  freeze  were  killed  we  would  find  that  blood  and  bone  used 
alone  as  a  fertilizer  would  give  us  only  15  per  cent,  of  fruiting 
plants  for  the  first  crop. 
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Plot  J5  (see  plate  6.) — Of  this  we  can  say  very  little  except 
that  all  sections  appeared  to  be  about  equally  good.  By  referring 
to  the  table  on  page  8i  it  will  be  seen  that  the  greatest  amount 
of  fruit  occurred  in  section  A.  The  next  in  sections  B,  C  and 
E  being  decidedly  low  in  the  amount  of  fruit.  By  referring  to 
the  table  it  will  be  seen  that  there  was  about  90  per  cent,  of  the 
plants  showing  fruit  at  the  time  of  the  freeze.  Many  of  these 
fruits  must  have  escaped  the  freeze  from  the  fact  that  over  10 
per  cent,  of  the  plants  matured  fruit.  The  fact  that  sections  D 
and  E  matured  so  little  fruit  is  at  least  partially  accounted  for 
from  the  fact  that  these  were  slightly  more  advanced  than  in  the 
other  sections.  The  main  reason,  however,  is  that  the  limit  of 
fertilization  had  been  reached  in  section  A,  since  an  additional 
amount  of  blood  and  bone  or  of  sulphate  of  potash,  high  grade, 
gave  a  slight  diminution  in  the  leaf  area  and  of  fruit. 

Plot  36. — This  plot  was  remarkably  even,  all  the  sections 
being  equally  good.  If  any  difference  existed  it  might  possibly 
be  in  section  E,  being  slightly  poorer  than  the  others.  From 
this  plot  we  learn  that  the  amount  of  blood  and  bone  and  sulphate 
of  potash,  low  grade,  used  on  section  A  was  better  than  in  a 
larger  amount  of  either  blood  and  bone  and  potash,  or  both 
together.  By  referring  to  the  table  on  page  81  we  will  see  that 
the  amount  of  fruit  produced  in  the  various  sections  was  quite 
even  excepting  in  E  which  fell  slightly  below  the  rest. 

Plot  57. — This  plot  was  also  very  even  excepting  that  sec- 
tion E  fell  below  the  rest.  The  plot,  as  a  whole,  however,  was 
not  so  good  as  plot  36.  By  referring  to  the  table  on  page  81 
we  will  see  that  the  amount  of  fertilizer  used  in  section  A  was 
better  than  any  succeeding  ones.  By  referring  to  the  table  on 
page  82  we  will  see  that  this  plot  is  listed  as  the  poorest  of  the 
first  class.  The  amount  of  buds  showing  at  the  time  of  the 
freeze  was  about  60  per  cent.,  the  amount  of  fruit  maturing  about 
10  per  cent.  Nearly  all  of  the  leaves  were  frozen  down  to  about 
one-fourth  of  their  length. 

Plot  j8  (see  plate  7  and  figure  2.) — This  plot  seemed  to  be 
very  uniform  throughout,  there  being  very  little  difference,  un- 
less section  E  was  slightly  below  the  rest.  In  the  matter  of  fruit 
buds  there  were  about  90  per  cent,  showing  at  the  time  of  the 
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freeze,  while  about  i6  per  cent,  of  the  plants  matured  fruit  show- 
ing that  some  of  the  fruit  buds  which  were  showing  at  the  time 
of  the  freeze  possibly  passed  without  being  destroy/ed.  At  least 
25  per  cent,  of  the  plants  escaped  with  one  or  more  of  their  ex- 
posed leaves  not  frozen. 

Plot  3p  (see  figure  i.) — In  most  respects  this  plot  is  the  best 
in  the  field.  The  sections  were  unusually  even.  Scarcely  any 
perceptible  difference  exists.  From  this  we  may  infer  that  the 
amount  of  fertilizer  used  on  section  A  was  sufficient,  and  that 
while  using  more  fertilizer  did  not  prove  disadvantageous  to  the 
crop  it  was  just  that  much  material  added  more  than  necessary. 

By  referring  to  the  table  on  page we  notice  that  only  about 

50  per  cent,  of  the  plants  were  in  bloom  at  the  time  of  the  freeze. 
A  number  of  these  escaped.  About  30  per  cent,  matured  fruit, 
making  a  showing  of  about  80  per  cent,  of  the  plants  to  produce 
fruit  for  the  first  crop — not  so  good  a  showing  as  in  plots  35,  36 
and  38.  In  the  matter  of  taste  the  fruit  was  fully  equal  to  35  and 
36,  also  in  general  appearance  and  shipping  qualities.  This  was 
the  most  frost  resistant  plot  in  the  whole  field,  showing  its  ad- 
vantage to  the  row,  while  the  leaf  area,  was  not  quite  up  to  35  and 
36.  While  in  most  respects  this  plot  was  the  best  in  the  field,  it 
was  exceeded  by  plots  35,  36  and  38  in  the  number  of  plants  that 
would  have  produced  fruit  the  first  year  in  the  normal  condi- 
tions. Another  disadvantage  is  that  the  plants  are  somewhat 
yellowish,  exhibiting  none  of  the  deep  blue  green  manifested  by 
plants  in  plots  35,  36  and  38.  Plots  40,  41,  42,  43  and  48  were 
treated  with  air  slaked  lime  at  the  time  of  the  first  application, 
February  7  and  8,  1898.  As  these  plots  showed  no  advantage 
from  the  application  of  lime  they  are  of  no  special  importance. 
Plots  44,  45,  46,  47  and  48  were  treated  with  air  dried  muck, 
but  we  find  no  special  advantage  from  its  application. 

Plot  4p(  see  right  half  plate  8.) — Section  D  stood  first,  C 
second,  A  third,  B  fourth,  E  fifth  and  F  sixth.  Section  D  com- 
ing first  in  this  plot  shows  that  the  plants  could  make  use  of 
more  acid  phosphate  than  is  given  to  them  in  section  A.  Also 
that  section  C  gave  better  results  than  A  and  showed  that  more 
sulphate  of  potash,  high  grade,  than  was  given  to  section  A 
could  be  used  by  the  plants.     The  fact  that  section   B   took 

nul.  40-7 
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fourth  place  indicates  that  the  amount  of  sulphate  of  ammonia 
in  combination  with  the  other  elements  applied  to  this  section 
was  detrimental.  This  conclusion  is  further  borne  out  by  the 
results  of  sections  E  and  F.  The  fact  that  section  F  is  worse 
than  either  D,  C  or  E  forces  us  decidedly  to  the  conclusion  that 
this  combination  of  fertilizers  is  not  a  good  one,  and  that  the 
limits  of  fertilization  of  this  combination  is  somewhere  below  the 
amount  applied  to  section  A. 

Plot  50  (see  left  half  plate  8). — Section  B  stood  first,  C  sec- 
ond, A  third,  D  fourth,  E  fifth  and  F  sixth.  The  fact  tliat  sec- 
tions B  stands  first  and  that  as  a  whole  this  section  must  be 
rated  at  about  a  second  rate  we  must  conclude  that  sulphate  of 
ammonia  in  itself  is  not  a  bad  form  of  ammonia  for  pineapples, 
hut  that  there  are  combinations  in  which  we  cannot  use  it  to 
advantage.  Since  section  F  stands  lowest  and  E  stands  next  the 
amount  of  this  fomula  used  in  section  A  is  sufficient  or  more 
than  sufficient.  But  since  sections  B  and  C  are  better  than  A  we 
are  inclined  to  believe  that  the  normal  formula  for  this  combi- 
nation is  not  the  best  one. 

Plot  5/. — Section  i  stands  first,  section  E  second,  section  B 
third,  F  fourth,  and  C  and  D  about  equally  poor.  The  fact  that 
section  A  is  best  indicates  that  the  normal  amount  of  the  normal 
formula  is  the  best  that  has  been  used  in  this  plot.  Since  sections 
C  and  D  are  both  poorer  than  E  and  F  we  must  regard  that  sul- 
phate of  potash,  low  grade,  and  acid  phosphate  are  the  fertilizers 
in  this  combination  that  make  it  undesirable. 
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ANALYSES  OF  PINEAPPLE.* 

The  following  table  sliows  the  food  constituents  contaiiicd 
in  pineapple.  In  this  connection  our  main  interest  centres  in  ^he 
last  named  material,  ash  or  mineral  matters : 

Water 89.3  per  cent 

Protein 0.4  per  cent 

Fat 0.3  per  cent 

Carbohydrates 9.7  per  cent 

Total 10.4 

^lineral  matter  (ash) •. .        .3  per  cent 


100.00 


*At\vatcr  and  Wood's  -Ith  Annual  Report,  Storr  Agrl.  Exp.  Sta.  1891, 
page  87. 

**Bowery,  J.  J.,  F.  C.  S..  F.  I.  C.  Island  Chemist,  Bui.  Bot. 
^Illustrated  by  a  figure,  see  previous  page.     These  photographs  were 
taken   November,  1898. 

flllustrated  by  a  plate,  see  end  of  bulletin.     These  photographs  were 
taken  July,  1809. 
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As  above  stated  we  will  now  look  into  the  ash**  constituent 
Dept.,  Jamaica,  Vol.  Ill,  part  lo.  (Oct.  1896),  page  236. 

ASH    OF    PINEAPPLE. 

Potash  K*0 49-42 

Chloride  of  potassium  KCl 88 

Chloride  of  sodium  NaCl 17.01 

Magnesia  MgO 8.80 

Lime  CaO 12.15 

Phosphoric  acid  P^O^ 408 

Sulphuric  acid  H^SO Trace 

Silica  SiO^ 402 

phosphate  of  peroxide  of  iron 2.93 

99.29 
FRUIT,  SOIL  AND  FERTILIZER. 

Turning  our  attention  to  the  chemical  analysis  of  the  pine- 
apple we  notice  that  nearly  one-half  of  the  ash  constituent  of  it 
is  potash  (K^O).  Turning  now  to  chemical  analysis  of  the  soil 
and  remembering  Hilgard's  average,  we  see  at  once  that  our 
soil  is  exceedingly  deficient  in  potash,  the  most  abundant  ash 
constituent  in  the  pineapple. 

C<fhiparing  the  amount  of  soda  contained  in  the  pineapple 
with  the  amount  present  in  the  soil  we  are  led  to  believe  that 
this  mineral  constituent  may  be  there  in  sufficient  abundance. 
This  belief  is  still  further  enforced  by  the  fact  that  those  fer- 
tilizers, excepting  nitrate  of  soda,  which  contain  a  considerable 
quantity  of  soda  were  detrimental  to  the  growth  of  the  pineapple. 
Comparing  the  amount  of  magnesia  in  the  soil  with  the  amount 
required  by  the  pineapple  plant  we  are  inclined  to  believe  that 
this  mineral  constituent  in  the  soil  is  somewhat  low,  and  again 
the  results  of  the  experiments  seem  to  support  this  conclusion 
from  the  fact  that  in  a  general  way  the  double  salts  of  potassium- 
magnesia  carbonate  and  low  grade  sulphate  of  potash,  gave 
slightly  better  plots  than  high  grade  sulphate  of  potash,  which 
contained  no  magnesia.  The  carbonate  of  potash  also  contains 
carbonate  of  magnesia,  but  since  the  form  of  potash  is  slightly 
different  from  that  in  the  case  of  the  low  grade  sulphate  of  pot- 
ash, the  comparison  is  not  so  direct  or  striking.  Lime  is  also  one 
of  the  important  constituents  of  the  pineapple.  We  find  some 
soils,  however,  that  are  entirely  wanting  in  this  important  min- 
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eral,  while  others  are  abundantly  supplied.  By  referring  to  our 
table  on  page  30  of  the  fertilizers  used  it  will  be  noticed  that 
low  grade  sulphate  of  potash,  yields  a  considerable  quantity  of 
this  mineral.  There  is  also  a  considerable  quantity  of  lime  in 
potassium-magnesia  carbonate,  but  the  exact  amount  is  not  at 
hand.  The  other  fertilizers,  excepting  acid  phosphate,  are  quite 
deficient  in  this  respect.  In  regard  to  the  amount  of  phosphoric 
acid  present  in  the  pineapple  we  will  notice  that  there  is  less 
than  one-tenth  as  much  by  weight  as  potash.  Referring  to  the  ta- 
ble of  the  soil  analysis  we  notice  that  the  soils  contain  considerr 
able  quantity  more  of  phosphoric  acid  than  of  potash,  and  since 
the  pineapple  requires  less  phosphoric  acid  we  can  see  that  it  is 
not  surprising  that  those  plots  in  which  phosphoric  acid  was 
wanting  gave  better  results  than  those  in  which  potash  was 
wanting.  The  results  of  our  experiments  show  that  the  normal 
formula  contained  more  than  enough  phosphoric  acid.  By  com- 
paring the  amount  of  iron  (Ferric  oxide)  present  in  the  soil  we 
see  that  this  mineral  is  comparatively  abundant  in  Brevard  coun- 
ty soils. 

Looking  at  the  matter  from  a  chemical  standpoint  of  view 
we  are  inclined  to  believe  that  low  grade  sulphate  of  potash  or 
potassium-magnesium  carbonate  give  us  the  best  form  of  pot- 
ash to  apply  to  the  particular  class  of  soils,  and  since  the  ex- 
periments lead  to  the  same  conclusion  the  opinion  seems  to  be 
pretty  well  founded. 

A  PLAN  FOR  FERTILIZING. 

Having  the  foregoing  experiments  in  mind,  and  consider- 
ing the  general  conditions  of  the  leading  pineapple  section,  the 
following  general  plan  for  fertilizing  pineapples  on  high  spruce 
pine  land  may  be  recommended.  If  plants  are  set  out  during 
July  or  August,  immediately  after  setting  out  drop  into  the 
bud  a  small  handful  of  fertilizer.  This  should  be  composed  of 
three  parts  of  cotton  seed  meal  and  one  part  fine  ground  to- 
bacco dust  that  has  not  been  leached.  This  will  keep  the 
plants  from  being  sanded  (see  appendix)  and  will  give  them 
some  fertilizer  to  start  them  as  soon  as  the  soil  is  sufficiently 
moist.     It  will  take  about  300  pounds  of  cotton  seed  meal  and 
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loo  pounds  of  tobacco  dust  per  acre.  Double  this  quantity  of 
fertilizer  would  probably  be  more  beneficial. 

As  soon  as  the  plants  have  taken  a  good  hold  in  the  soil, 
which  will  be  during  October  or  the  early  part  of  November, 
apply  680  pounds  of  blood  and  bone  and  500  pounds  of  potas- 
sium-magnesium carbonate.  If  potassium-magnesium  carbonate 
is  not  obtainable  use  about  400  pounds  of  low  grade  sulphate  of 
potash  instead. 

During  a  favorable  season  this  will  cause  the  plants  to  in- 
crease rapidly  in  size.  If,  however,  the  season  should  be  un- 
favorable and  the  plants  do  not  succeed  in  making  a  good  growth, 
the  same  formula  may  be  applied  about  the  middle  of  February, 
or  when  danger  from  frost  is  passed.  If  the  plants  have  in- 
creased considerable  in  size  and  are  making  a  good  growth  it  is 
quite  probable  that  they  will  be  able  to  stand  about  1,000  pounds 
of  blood  and  bone  and  750  pounds  of  potassium-magnesium  car- 
bonate, or  550  pounds  of  low  grade  sulphate  of  potash. 

A  third  application  of  fertilizer  may  be  given  in  the  summer 
shortly  before  or  at  the  beginning  of  the  rainy  season.  Tlie 
amount  of  fertilizer  to  be  used  at  this  time  should  be  guaged 
very  largely  by  the  size  of  the  pineapple  plants,  using  from 
1,000  to  2,000  pounds  of  blood  and  bone  and  from  750  to  1,500 
pounds  of  potassium-magnesium  carbonate,  or  550  to  1,100 
pounds  of  low  grade  sulphate  of  potash.  The  next  application 
should  be  made  in  the  fall  during  October  or  early  November, 
so  as  to  put  the  plants  in  excellent  condition  to  stand  the  winter. 
A  well  fed  horse  and  a  well  fed  soldier  will  stand  a  campaign 
with  much  less  danger  of  being  sent  to  the  hospital  than  a  poorly 
fed  horse  or  a  poorly  fed  soldier.  Itvis  just  the  same  with  the 
pineapple  plant.  The  winter  time  is  its  time  of  hard  campaign, 
and  a  plant  well  fed  on  a  balanced  ration  will  stand  the  severest 
winters  much  better  than  one  that  has  been  under  fed  or  fed  with 
an  improperly  balanced  ration.  (See  Fertilizer  and  Freeze  Re- 
sistance.) 

If  at  any  time  during  the  growing  season  the  pineapple 
plants  seem  to  come  to  a  standstill,  and  fail  to  respond  a  light 
application  of  nitrate  of  soda  will  spur  them  up.  In  applying  it 
care  must  be  exercised  that  the  substance  does  not  get  into  the 
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bud  nor  into  the  axiles  of  the  leaves,  as  it  is  very  caustic;  200 
to  300  pounds  of  nitrate  of  soda  per  acre  should  be  an  abundance 
for  a  single  application,  but  it  is  advisable  to  apply  this  separately 
from  the  other  fertilizer  and  a  month  or  so  after  a  general  ap- 
plication. 

If  blood  and  bone  be  too  expensive  one  may  substitute  for 
it  2  pounds  of  dried  blood  and  4  pounds  of  bone  meal  for  every 
10  pounds  of  blood  and  bone. 

If  potassium-magnesium  carbonate  be  difficult  to  obtain 
three-fourths  of  the  amount  of  low  grade  sulphate  of  potash  may 
be  used  in  its  place. 

If  the  fertilizer  is  mixed  at  home,  and  for  immediate  use 
it  may  be  advisable  to  substitute  muriate  of  potash  in  the  summer 
and  fall  application,  reserving  the  potassium-magnesium  car- 
bonate or  low  grade  sulphate  of  potash  for  the  spring  applica- 
tion. That  is  the  muriate  of  potash  should  be  used  for  making 
growth,  and  the  carbonate  or  sulphate  for  finishing  out  the  fruit. 
It  is  altogether  probable  that  there  would  be  no  bad  effect  from 
applying  these  different  forms  of  potash  at  different  times,  since 
no  bad  effects  were  noticeable  when  plots  fertilized  with  these 
different  forms  of  potash  came  in  contact. 

APPENDIX. 
DISEASES. 

SPIKE,  LONG  LEAF. 

The  term  spike  has  been  a  common  one  among  the  pine- 
apple growers  for  a  number  of  years.  Just  how  the  term  origi- 
nated is  hard  to  say,  but  it  seems  to  be  so  expressive  of  the 
conditions  in  which  pineapple  plants  are  found  that  everybody 
seems  to  adopt  it  and  uses  it  with  evident  satisfaction.  Illus- 
trations of  this  disease  will  be  found  by  referring  to  plate  rep- 
resenting plot  12  (see  right  half  of  plate  3),  plot  23  (see  left 
half  of  plate  4  and  figure  8)  and  plot  29  (see  left  half  of  plate 
5).  By  close  observation  it  will  be  noticed  that  the  plants  have 
the  leaves  firmly  contracted  at  the  base,  forming  a  more  or  less 
contracted  top.  Tlie  leaves  then  spread  out,  but  stand  alone 
in  the  air.  Their  color  is  a  peculiar  green.  By  referring  to  the 
notes  taken  during  October,  1898,  it  is  found  that  all  of  the  plots 
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fertilized  with  cotton  seed  meal,  sulphate  of  ammonia,  and  part 
of  those  fertilized  with  nitrate  of  soda  were  affected  with  spike. 
In  some  cases  as  high  as  90  per  cent,  showed  this  peculiar  di- 
sease. Those  plots  fertilized  with  acid  phosphate  were  affected 
more  than  those  fertilized  with  bone  meal.  Those  fertil- 
ized with  kainit  were  worse  than  those  treated  with  other  forms 
of  the  potash.  In  plot  13  {see  left  half  of  plate  3)  8 
per  cent,  were  spiky.  This  plot  was  referred  to  especially 
because  by  July,  1899,  the  plants  had  almost  entirely  outgrown 
this  condition.  In  plot  51,  fertilized  with  sulphate  of  ammonia, 
sulphate  of  potash  and  acid  phosphate,  about  70  per  cent,  were 
spiky.  Nitrate  of  soda  in  the  absence  of  kainit,  muriate  of  pot- 
ash, acid  phosphate,  produced  less  spike  than  where  acid  phos- 
phate, kainit  or  muriate  of  potash  was  used  in  conjunction  with 
it.  Plot  50  (see  left  half  of  plate  8),  in  which  bone  meal  was 
used  as  a  source  of  phosphoric  acid  in  the  place  of  acid  phos 
phate,  there  was  less  than  10  per  cent,  spiky  plants  present. 

In  plot  15  the  disease  took  the  form  of  long  leaf,  though 
mixed  with  the  long  leaf  was  some  spike.  In  plots  16,  17,  18, 
19,  20,  21  and  22  (see  right  half  of  plate  4)  the  plants  were 
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affected  from  as  low  as  20  per  cent,  to  up  as  high  as  90  per  cent, 
with  long  leaf. 

From  our  experience  with  the  fertilizers  in  these  plots  it 
comes  out  quite  clearly  that  the  disease  known  as  spike  or  some- 
times taking  the  form  as  what  is  known  as  long  leaf  is  the  result 
of  improper  fertilization.  That  while,  as  a  whole,  the  plants 
are  in  decidedly  poor  condition  for  further  growth  proper  fer- 
tilizer when  taken  in  time  can  produce  quite  a  remarkable  change 
in  the  plants.  Just  whether  this  would  be  economical  would 
have  to  be  tested  by  the  pineapple  grower  himself,  and  would 
depend  so  largely  upon  conditions  that  we  are  not  ready  to  an- 
swer the  question.  It  is  a  safe  rule  for  a  pineapple  grower  to 
discard  all  sickly  plants  and  work  only  with  the  best  of  ma- 
terial. Cotton  seed  meal,  sulphate  of  ammonia,  kainit,  muriate 
of  potash  and  acid  phosphate  seem  to  be  poorly  adapted  to 
bringing  plants  out  of  this  condition  and  seem  to  be  the  fer- 
tilizers which  are  most  liable  to  produce  spike.  The  young  field 
of  plants  which  seem  to  have  a  tendency  to  spike  would  prob- 
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ably  be  benefited  by  withholding  the  original  fertilizer  and  ap- 
plying in  its  stead  400  pounds  of  nitrate  of  soda  and  about  800 
pounds  of  low  grade  sulphate  of  potash  per  acre  for  one  appli- 
cation. If  the  field  needs  phosphoric  acid  some  other  form  than 
acid  phosphate  should  be  used.  If  dried  blood  or  blood  and 
bone  be  not  too  expensive  this  form  of  ammonia  is  advised  for 
the  following  applications  in  the  place  of  nitrate  of  soda.  Bone 
meal  could  also  be  substituted,  but  this  is  usually  too  high  oriccd 
to  prove  economical. 

SANDING. 

This  term  is  frequently  applied  to  plants  which  have  been 
recently  set  and  the  winds  and  rains  have  filled  the  bud  with 
sand.  The  effect  of  this  is  to  strangle  or  choke  the  plants.  Long 
continued  wet  weather,  when  the  plants  are  in  such  condition, 
is  liable  to  prove  disastrous.  There  are  several  ways  of  prevent- 
ing this  trouble.  By  planting  them  so  that  the  bud  will 
not  be  low  enough  to  permit  sand  to  be  blown  or  washed  into 
it.  If  it  is  desirable  to  plant  such  small  plants  or  plant  them  so 
deep  as  to  endanger  their  being  sanded,  a  mixture  of  three  or 
four  parts  of  cotton  seed  meal  to  one  of  tobacco  dust  may  b' 
dropped  into  the  bud,  dropping  a  small  handful  into  each  crowi. 
This  material  forms  a  solid  cake  in  the  bud,  and  as  the  plant 
grows  it  forces  the  plug  of  cotton  seed  meal  and  tobacco  dusi 
upVards,  thus  giving  ample  opportunity  for  respiration  and  at 
the  "Same  time  affords  a  very  considerable  amount  of  fertilizer 
for  the  plants  at  the  time  it  is  needed,  and  in  the  place  it  is 
needed.  Blood  and  bone  has  also  been  used  for, this  same  pur- 
pose.   Tankage  may  also  be  used. 

Under  pineapples  sheds  there  is  very  little  trouble  from  this 
source.  There  is  very  little  trouble  from  this  source  if  large, 
stalky  plants  are  used. 

RED  SPIDER. 

Stigmaeus  sp. 

This  spider  mite  makes  its  home  at  the  base  of  the  leaves 
upon  the  tender  white  tissue.  At  this  place  the  insect  mite  lives 
and  lays  its  eggs,  producing  young  in  myriads,  unless  checked 
in  some  way.    While  the  amount  of  damage  done  to  the  plant 
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seems  to  be  insignificant  and  the  amount  of  material  used  by 
the  red  spider  is  not  really  worth  consideration,  it  is  the  means 
of  making  an  opening  in  the  epidermis  of  the  plant,  affording  an 
entrance  for  bacteria  and  fungi.  So  that  while  the  red  spider 
as  a  primary  cause  would  hardly  have  attracted  much  atten- 
tion, still  as  it  so  often  results  in  the  entire  rotting  off  of  leaves 
and  finally  the  whole  bud  rotting  out,  the  damage  becomes  quite 
serious  at  times,  especially  is  this  the  case  in  the  finer  varieties 
of  pines.  Such  hardy  varieties  as;  the  red  Spanish  rarely  suffer 
seriously.  Young  plants  set  out  but  a  short  time  are  damaged 
more  than  older  ones. 

The  remedy  for  this  disease  is  so  simple  and  so  generally 
known  among  pineapple  growers  that  very  little  loss  occurs  from 
it  excepting  by  inadvertance.  This  insect  may  be  destroved  by 
simplv  placing  a  small  quantity  of  strong  tobacco  dust  into  the 
bud  of  the  plant.  The  dew  and  rain  are  caught  by  the  leaves 
and  conducted  down  into  the  bud,  dissolving  out  the  nicotine 
of  the  tobacco  which  is  carried  to  the  red  spider  and  destroys  it. 
One  application  is  usually  sufficient.  However,  if  in  the  course 
of  a  week  or  ten  days  live  red  spiders  are  still  to  be  found  an- 
other application  may  be  necessary. 

It  is  largely  for  the  red  spider  that  the  tobacco  dust  is 
mixed  with  the  cotton  seed  mea!  mentioned  under  the  discus- 
sion of  sanding. 

SCALE    INSECT. 

Diaspis  bromclicac. 
The  scale  insect  of  the  pineapple  rarely  becomes  important 
in  the  State,  still  may  specimens  have  been  sent  to  us  at  the 
College  during  the  last  year.  Where  this  insect  proves  suffi- 
ciently abundant  to  require  treatment  a  spraying  of  resin  wash 
has  been  found  to  be  entirely  efficacious. 

RESIN  WASH. 

Resin 20  pounds 

Caustic  soda  (70  per  cent,  strength) 5  pounds 

Fish  oil 3  pints 

Water  to  make 10  gallons 


lOI 

PREPARATION. 

Place  the  resin,  soda  and  fish  oil  in  a  large  kettle,  put  in 
enough  water  to  cover  four  or  five  inches  deep ;  then  boll  for  iin 
hour  and  a  half,  when  the  liquid  will  be  a  dark  coffee  brown 
color.  Pour  into  a  half  barrel  and  while  hot  add  enough  hot 
water  (cold  water  will  produce  a  flocculent  precipitate)  to  make 
ten  gallons.  When  cool  mix  thoroughly  one  gallon  of  the  solu- 
tion with  nine  of  water  and  apply.    Use  rain  water  or  soft  water. 

This  insect  occurs  usually  upon  the  green  portion  of  the 
leaves  more  abundantly  near  the  base  of  it  than  towards  the  tip. 

MEALY    BUG. 

Dactylopius  citri,  etc. 

From  specimens  received  from  various  portions  of  the  State 
together  with  the  specimens  of  the  mealy  bug  in  the  propagating 
house  at  the  Experiment  Station,  it  seems  probable  that  there  are 
two  or  more  species  of  insects  which  attack  the  pineapple  plants 
that  are  generally  known  as  mealy  bugs.  Those  attacking  the 
pineapple  plants  at  the  Experiment  Station  have  been  identified 
as  Dactylopius  citri,  or  the  same  species  which  occurs  upon  the 
orange.  Specimens  sent  in  from  South  Florida  appear  to  be- 
long to  some  other  species.  While  it  is  of  gjeat  economic  im- 
portance to  know  just  what  species  may  occur  on  pineapples, 
and  exactly  what  species  are  in  our  plantation,  for  our  present 
consideration,  it  will  be  sufficient  to  class  them  under  the  head 
of  Mealy  Bug. 

This  insect  infests  pineapple  plants  on  the  white  portion  of 
the  leaves,  about  the  body  of  the  plants  and  on  the  larger  roots. 
Occurring  on  this  portion  of  the  plant  it  may  become  quite 
severe  in  a  plantation  before  it  is  discovered.  Besides  occurring 
at  the  base  of  the  plant  it  also  occurs  on  the  flowering  stock, 
especially  under  the  scaley  leaves  of  the  fruit.  If  treated  during 
the  rainy  season  less  trouble  will  be  experienced  than  during 
another  portion  of  the  year.  Ants  make  it  their  business  to  trans- 
port this  mealy  bug  from  one  plant  to  another,  disseminating 
them  finally  throughout  the  entire  field.     The  treatment  is  to 
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spray  with  the  resin  wash  mentioned  under  the  head  of  Scale  In- 
sects. 

In  buying  plants  it  is  a  part  of  prudence  not  to  accept  those 
infested  with  any  insects,  particularly  those  infested  with  the 
mealy  bug.  To  set  out  such  plants  is  merely  laying  up  trouble 
for  a  future  day.  Where  plants  are  unusually  valuable  and  scarce 
it  may  seem  almost  necessary  to  plant  infested  stock.  In  such 
cases  all  the  outer  leaves  of  the  plants  should  be  stripped  off, 
and  the  plant  thoroughly  treated  with  the  insecticide  advised 
under  Scale  Insects  before  setting  out  and  again  after  setting  out. 

BLIGHT  ;  WILTS. 

These  two  terms  are  used  indiscriminately  for  what  ap- 
pears to  be  the  same  disease.  Prof.  Webber  has  given  this  dis- 
ease some  attention  and  discovered  a  fungus  in  connection  with 
the  roots  of  the  pineapple  plant.  He  advises  "digging  up  all 
blighted  plants,  pruning  thetn  thoroughly,  removing  the  basal 
leaves  and  cutting  off  the  end  of  the  stem  of  all  the  roots  which 
have  started,  as  in  case  of  preparing  a  sucker  for  planting  and 
finally  transplanting."  While  this  disease  is  quite  severe  in  some 
cases,  and  quite  generally  disseminated,  it  is  not  an  easy  matter 
to  discover  a  preventive  for  it.  Since  its  occurrence  is  not 
sufficiently  uniform  to  enable  one  to  predict  where  it  will  occur 
next  or  general  enough  to  warrant  a  wholesale  treatment.  Queens 
and  Porto  Ricos  seem  to  be  more  severely  affected  than  Red 
Spanish  and  other  varieties. 

TANGLE-FOOT. 

Tangle-foot,  which  is  manifested  by  the  roots  winding  firml>- 
about  the  base  of  the  pineapple  plant,  occurs  frequently  in  fields. 
It  has  been  observed  more  commonly  on  the  long-leaf  pine  land 
than  upon  the  spruce  pine  land.  Whether  there  is  any  connec- 
tion between  the  class  of  soil  and  the  disease  has  not  been  estab- 
lished. 

The  cause,  cure  and  preventive  of  this  disease  are  not  well 
understood. 
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REMARK. 

Asa  general  rule  we  may  say  that  whenever  pineapples  are 
suffering  from  any  disease  it  is  cheaper  for  us  to  discard  the 
whole  lot  and  start  in  with  healthy  plants  than  to  doctor  up  the 
sick  ones.  In  most  cases  as  much  will  be  lost  in  fertilizers  as 
would  buy  healthy  plants,  besides  losing  the  valuable  time  and 
the  use  of  the  money  invested.  Of  course  from  the  standpoint 
of  plant  pathologists  it  is  very  important  that  he  should  know 
about  the  development  of  the  disease  and  what  to  do  to  prevent 
it,  but  for  the  pineapple  grower  who  is  in  it  for  the  profits,  it  will 
be  most  economical  in  the  end  to  use  nothing  but  the  best  plants 
in  the  healthy  condition. 

USEFUL   PUBLICATIONS   IN   STUDYING  FERTILIZ- 
ERS AND  SOILS. 

Voorhees,  E.  B. — Fertilizers,  The  Macmillan  Company,  New 
York,  1898. 

King,  F.  H. — ^The  Soil,  Its  Nature  and  Fundamental  Prin- 
ciple of  Management.  The  Macmillan   Company,   New  York, 

1895. 

Semper,  F.  H. — Manures ;  How  to  Make  and  How  to  Use 
Them.    W.  Atlee  Burpee  &  Co.,  1893. 

Superphosphates;  Its  Manufacture.  Bulletin  10,  pages  12, 
etc. 

Soil  and  Fertilizers.    Bulletin  20. 

Fertilizers ;  How  to  Make  and  How  to  Use  Them.  Bulle- 
tin 22. 

Pineapple — Notes  on  Experiments  with  The.     Bulletin  27. 

The  Pineapple  at  Myres.  Bulletin  37.  (Includes  construc- 
tion of  shed.) 

A  Chemical  Study  of  Some  Typical  Soils  of  the  Florida 
PeninsuJa.     Bulletin  43. 

Florida  Agricultural  Experiment  Station. 

Lake  City,  Fla.,  August  9,  1899. 
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EXPLANATION  Oh  PLAIES. 

From  Photographs  taken  July,  1899. 

Plate  3.— Representing  plot  13.  The  row  in  which  the  la- 
bel occurs  was  fertilized  on  the  right  side  by  formula 
for  plot  12,  and  on  the  left  side  by  formula  for  plot  13. 
Beginning  to  count  with  the  row  occupied  by  the 
label  and  counting  four  rows  to  the  left  gives  plot  13 
(see  page  43 0  Beginning  with  one  row  to  the  right 
of  that  occupied  by  the  label  and  counting  four  rows 
to  the  right  we  have  section  F  of  plot  12. 

Plate  4. — The  row  in  which  occurs  label  number  23  is  fertilized 
on  the  left  side  by  formula  for  plot  23  (see  page  47), 
and  on  the  right  side  by  formula  for  plot  22,  Begin- 
ning with  the  row  in  which  the  label  occurs  anu  count- 
ing four  rows  to  the  left  we  have  section  A  of  plot  23. 
By  following  row  number  2  of  section  A  we  may  ob- 
serve the  label  marking  plot  16.  Four  rows  to  the  left 
of  this  at  the  upper  end  may  be  seen  label  to  plot  17. 

Plate  5. — The  row  occupied  by  label  number  29  was  fertilized 
on  the  right  side  by  fertilizer  for  plot  28  (see  page 
49").  and  on  the  left  side  by  fertilizer  for  plot  29. 
By  counting  four  rows  to  the  left,  beginning  with  the 
one  occupied  by  the  label  we  have  section  A  of  plot  29. 
The  fifth  row  beginning  with  that  occupied  by  the 
label  is  the  first  row  of' section  B  of  plot  29.  About 
one-half  inch  from  the  left  margin  of  the  plate  may  be 
observed  the  label  belonging  to  plot  24  (see  figure  4.) 

Plate  6  represents  section  A  of  plot  No.  35. 

Plate  7  represents  section  A  of  plot  No.  38. 

Plate  8. — The  row  occupied  by  label  was  fertilized  on  the  right 
side  by  formula  for  plot  49  (see  page  55),  and  on  the 
left  side  by  formula  for  plot  No.  50.  Beginning  with 
the  row  occupied  by  the  label  and  counting  four  rows 
to  the  left  we  have  section  A  of  plot  No.  51,  and  to 
the  right  side  counting  four  rows  we  have  section  F 
of  plot  No.  49.  It  will  be  noticed  that  section  E  of  plot 
49  is  superior  to  section  F. 
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SOME  COMMON  FLORIDA  SCALES- 

By  H.  a.  Gossard. 

The  frequency  with  which  specimens  of  the  following 
scales  are  received  at  the  Experiment  Station,  with  inqui- 
ries regarding  their  life  histories  and  remedial  measures 
against  them,  furnishes  the  occasion  for  this  brief  bulletin. 
While  the  principal  plants  upon  which  they  have  been  re- 
ported, namely,  citrus  and  pineapples,  occupy  but  a  com- 
paratively small  acreage  in  Florida  at  present,  the  naany 
difficulties  attending  their  successful  production  apparently 
stimulates  careful  observation  on  the  part  of  the  producers, 
and  we,  therefore,  have  had  a  greater  number  of  queries 
relating  to  these  scales  than  to  any  other  insects  in  the 
State. 

The  observations  set  forth  are,  for  the  most  part,  given 
upon  the  authority  of  others,  particularly  of  Hubbard  and 
Comstock,  the  particular  excuse  for  publishing  what  only 
pretends  to  be,  in  a  large  measure,  a  review  of  their  writings 
being  found  in  the  fact  that  their  papers  are  not  accessible 
to  the  Florida  growers. 

However,  the  writer  is  alone  responsible  for  the  eco- 
nomic observations,  and  for  the  statement  of  facts  not  found 
elsewhere.  The  lists  of  food  plants  given  in  Coccidse  Amer- 
canse,  prepared  by  Professors  Rolfs  and  Quaintance,  have 
been  consulted,  but  their  complete  lists  have  not  been  given 
in  every  case. 

The  Purple  Scale,  Mytilaspis  citricola  (Packard). 

This  is  one  of  the  commonest  and  most  conspicuous 
citrus  scales  in  Florida.  The  insect  seems  to  be  widely 
known  wherever  the  orange  is  grown,  either  in  this  coun- 
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try  or  abroad.  Hubbard  observed  in  1885  tbat  it  was  more 
abundant  in  the  northern  than  in  the  southern  portions  of 
the  orange  belt  The  freezes  since  that  time  seem  to  have 
reversed  this  order  of  distribution;  this  season's  observations 
have  not  discovered  it  in  any  of  the  northern  nurseries,  nor 
in  the  more  northern  groves. 

The  scale  of  this  species  is  one  of  the  largest  in  the 
genus.    The  scale  of  mature  females  sometimes  reaches  a 


Fig.  1. 
Mi/liltisiiit  ciiricoln  (Coinstock,  Div.  of  Entomology,  U.  S.  Dept.  of 
Agr,.  Ann.  Keport,  1880).—!.  Scales  on  orange,  natural  size  ;  la,  scale  of 
female,  dorsal  view,  enlarged  ;  16,  scale  of  female  with  ventral  scale  and 
eggs,  enlarged  ;  Ic,  scale  of  male  enlarged. 

length  of  0.12  of  an  inch  (2  mm.),  and  that  of  the  male  0.05 
of  an  inch  (1.4  mm.).  The  name,  "Oyster  Shell  Bark -louse," 
has  been  applied  to  one  member  of  the  genus,  MyUlapsis 
pomoTum,  a  common  apple  pest,  because  the  general  outline 
of  the  scale,  together  with  its  ridgings  and  markings,  are  so 
suggestive  of  an  oyster  shell  in  miniature;  the  purple  scale. 
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Mytilaspis  citricola,  and  in  lesser  degree,  the  long  scale, 
Mytilaspis  gloverii,  share  this  resemblance,  and  so  it  is  not 
uncommon  to  hear  the  term,  "Oyster  Shell  Bark-louse,"  ap- 
plied to  any  one  of  them  by  the  general  public.  The  form 
may  be  described  as  broadly  trumpet-shaped,  increasing  in 
width  behind,  often  curved  like  an  oyster  shell,  but  rarely 
or  never  with  the  sides  parallel  The  surface  is  glossy  and 
smooth  and  from  a  light  to  a  dark  red-brown  purple  color. 
The  male  scales  being  less  than  half  the  length  of  the  fe- 
males, of  a  more  linear  shape  and  straight  outline,  may 
suggest  some  other  species  of  insect  upon  superficial  exami- 
nation, but  its  identity  cannot  be  confused  with  any  other 
species  than  the  long  scale,  Mytilaspis  gloverii,  the  female 
of  which  is  twice  as  long  as  the  male  citricola,  and  the 
male  of  which  is  shorter  and  rather  more  slender,  both  ab- 
solutely and  relatively.  The  characteristic  purple  color 
which  the  males  give  to  a  mass  of  scales  belongs  to  no 
other  species  of  Mytilaspis. 

The  eggs  are  pearly  white,  very  minute,  elongate  oval, 
and  are  usually  laid  in  four  rows,  but  sometimes  promiscu- 
ously.    Each  female  deposits  from  25  to  70  eggs. 

The  newly  hatched  larva  is  irregularly  oval  in  shape, 
0.12  of  an  inch  long,  of  a  transparent  white  color,  and  with 
fiery  red  eyes,  which  have  been  likened  to  grains  of  cayenne 
pepper.  This  young  insect  wanders  about  a  very  short 
time,  and  then  settles  upon  the  bark  or  leaves;  when  upon 
the  latter,  preferably  along  the  midrib,  and  is  soon  covered 
with  a  white  film  of  wax  threads,  some  of  which  stand  out 
from  the  rest,  and  if  not  carried  away  by  the  wind,  they 
accumulate  and  form  cottony  tufts  or  tangles. 

The  shedding  of  the  Ij^rva  skin  or  first  moult  occurs 
about  three  weeks  after  hatching,  and  the  formation  of  the 
true  scale  is  begun.  A  second  moult  of  the  female  occurs 
three  or  four  weeks  later,  and  when  nine  or  ten  weeks  old 
egg-laying  begins,  the  eggs  being  deposited  beneath  the 
scale,  from  beneath  which  the  young  begin  to  issue  in  about 
a  week  after  the  eggs  are  deposited,  unless  retarded  by  cold 
weather. 
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The  male  goes  through  its  second  moult  and  changes 
into  a  pupa  several  days  earlier  than  the  female,  from  which 
it  emerges  as  a  winged  fly,  and  is  ready  for  mating  at  the 
time  the  females  are  passing  through  their  first  moults. 

There  are  three  or  four  generations  per  year,  but  the 
separation  into  distinct  broods  is  often  more  or  less  con- 
fused, one  generation  overlapping  the  succeeding  one,  so 
that  all  stages  of  the  insect  may  generally  be  found  at  al- 
most any  season  of  the  year  upon  infested  trees.  Generally 
speaking,  the  greatest  numbers  of  migrating  young  may  be 
found  in  one  of  three  periods,  namely:  in  the  spring  usually 
in  March  and  sometimes  extending  into  April;  in  June  or 
July,  and  in  September  or  October.  During  mild  winters  a 
fourth  brood  commences  in  January  and  straggles  through 
this  and  the  following  month. 

The  recorded  food  plants  of  the  insect  are  as  follows: 

Banksia  integrifolia,  Croton,  Eucalyptus.  Murraya  Ex- 
otica, Orange  and  Ptelea  trifoliata. 

Natural  Enemies. — Several  minute  hymenopterous  par- 
asites attack  this  scale,  leaving  the  evidence  of  their  work 
in  the  shape  of  minute  circular  holes  in  the  backs  of  the 
scales,  through  which  the  small  wasp-like  flies  have  eaten 
their  way  after  having  destroyed,  while  undeveloped  slugs 
or  larvae,  the  enclosed  scale  insects  and  their  eggs.  Various 
species  of  lady-bugs  feed  upon  this  and  other  scales  in  all 
stages  of  development,  raising  the  scale  and  devouring  both 
the  mother  insect  and  the  eggs  when  young  migrating 
scales  or  other  food  is  not  more  convenient. 

The  ''trash  bugs"  or  larvae  of  the  lace- wing  flies  also 
devour  many.  These  curious  creatures  may  be  recognized 
at  once  by  the  flocculent  masses  of  grayish  trash  which 
they  carry  about  on  their  backs  as  a  means  of  protection. 
Similar  insects,  belonging  in  a  different  genus,  Hemero- 
bius,  still  lace-wings,  but  without  the  trash  mask  in  the 
larval  stage,  are  almost  equally  eftective. 

Remedies. — Kerosene  emulsion,  resin  wash  or  whale  oil 
soap.     See  section  on  remedies  in  latter  part  of  bulletin. 
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The  Long  Scale,  Mytilanpia  gloverii  (Packard). 

The  long  Bcale  is  of  a  more  linear  shape  than  the  purple 
scale,  with  which  it  is  often  associated.  The  outline  of  the 
body  is  not  so  often  curved  as  is  that  of  the  purple  scale. 

The  Female. — The  female  scale  is  brownish,  about  0.11 
of  an  inch  (3  mm.)  in  length,  and  less  than  one-fourth  as 
wide.  When  crowded  the  scales  adjust  themselves  to  their 
surroundings  by  taking  all  sorts  of  shapes,  and  many  will 
be  dwarfed  and  malformed  almost  beyond  recognition,  ex- 


FiK.  2. 

MyliltiajiU  ijloiarii  fComstock,  Div.  of  Kiitomology,  U,  S.  Dept.  ot 
ARr.,  Ann.  Report,  ISfiO).— 2.  Scales  on  ornntze,  nntural  size ;  2a,  scale  ot 
femftle,  dorsal  view,  enlarged  ;  2/i,  scale  of  male,  enlarged;  2f,  scale  of 
[emale  with  ventral  scale  and  eega,  enlarged. 

cept  by  microscopic  examination.  The  young  insects  them- 
selves are  of  a  translucent  waxy  white,  with  the  outer  edge 
of  the  last  joint  yellowish.  As  they  grow  older,  they  in- 
cline to  purple,  which  becomes  deeper  as  the  insects  in- 
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crease  in  age.  The  adult  female  is  about  0.05  of  an  inch 
(1.3  mm.)  in  length.  The  sucking  proboscis  is  longer  than 
the  body. 

The  Male. — The  scale  of  the  male  is  smaller  than  that 
of  the  female,  about  0.04  of  an  inch  (1  mm.)  in  length,  and 
usually  straight.  The  color  varies  from  shades  of  brown  to 
yellow  when  young,  becoming  darker  with  age,  and  reach- 
ing a  dark  brown  in  the  older  females.  Generally  speak- 
ing, densely  clustered  colonies,  including  both  sexes,  have 
a  reddish  hue.  The  male  insect  is  a  minute,  two-winged 
fly,  0.01  of  an  inch  in  length.  Its  body  is  pale  pink  in  color, 
and  about  one-fourth  as  wide  as  long.  The  eggs  are  elon- 
gate-oval in  shape,  passing  from  a  light  to  a  purple  color 
before  hatching. 

Life  History. — The  life  history  of  this  scale  is  so  nearly 
parallel  with  that  of  the  purple  scale  that  it  is  unnecessary 
to  enter  into  details.  It  has  practically  the  same  number  of 
broods,  which  occur  at  about  the  same  time  as  those  of  the 
other  species.  Sometimes  the  broods  of  the  one  species  pre- 
cede or  follow  those  of  the  other  by  a  few  days,  but  they  are 
often  simultaneous.  The  times  of  applying  remedies,  there- 
fore: can  be  stated  to  be  parallel  with  those  chosen  for  the 
purple  scale.  The  parasites  of  the  two  species  are,  likewise, 
the  same. 

Remedies, — Same  as  for  preceding  species. 


The  Turtle-back  Scale,  Lecaniuni  hesperidum  (Linn). 

The  turtle-back  scale,  with  the  others  described  in  the 
following  pages,  belong  to  a  sub-family  of  naked  or  waxy 
scales,  known  as  Lecana3,  and  are  not  covered  with  a  true 
scale.  The  genus  of  Lecaniums  are  unprotected  by  any 
covering,  except  their  skins,  which  become  toughened  with 
age  so  as  to  resemble  parchment. 

Description, — The  full  grown  insect  is  from  1.12  to  1.16 
of  an  inch  (3  to  4  mm.)  long,  broadly  oval,  more  or  less 
swollen  and  convex  upon  the  disk,  surrounded  by  a  thin, 
flat  margin,  which  is  notched  on  the  sides  and  behind; 


this  shape,  with  the  brownish  color,  gives  it  its  popular 
name     The  legs  are  concealed  beneath  the  body. 

Life  History.— The 
young  insect  is  of  a  yellow- 
ish color,  and  always  settles 
upon  the  bark  and  leaves  of 
tender  growth.  The  adult 
insects  appear  to  be  unable 
to  pierce  the  bark  of  the 
trunk  or  older  branches, 
always  being  found  upon 
wood  of  newest  growth. 

In  the  spring  and  early 
summer,  when  new  growth 
is  forming,  the  increase  of 
the  insect  is  most  rapid, 
especially  during  the  month 
of  June,  Later  in  the  sea- 
son the  colonies  disappear, 
only  a  few  gravid  females 
remaining  to  restock  the 
plants  at  the  next  favorable 
opportunity.  The  young, 
hatching  in  the  latter  part 
a  of  the  season,  often  starve. 


[.errini'un  h-Ky-r^'bim,  (C'unBloek,  D[v.  of  Entomology,  U.  9.  Dept. 
of  -Ki-r.,  Ann.  Report,  IRSil  — .idult  females  .in  orange,  natural  size. 

because  they  are  unable  to  reach  tender  twigs  upon  which 
to  fved. 

Parasites.  — This  scale,  being  unarmored,  is  particularly 
subject  to  attacks  of  the  wasp-like  chalcids.  a  number  of 
which  attack  it  freely.  The  parasitized  insects  can  be  rec- 
ognized by  their  bloated  bodies,  more  or  less  suggestive  of 
miniature  inflated  balloons.  By  mid-summer  the  parasites 
are  usually  present  in  such  numbers  that  the  insect  would 


be  reduced  below  the  possibility  of  infticting  much  damage, 
even  if  its  feeding  habits  did  not  restrict  it. 

Among  the  more  important  food  plants  of  this  insect 
are  the  maple,  Camellia  japonica,  fig,  grape,  holly,  laurel, 
orange,  palms,  peach,  poplar,  plum,  rose  and  willow. 

Remedies. — Resin  wash,  kerosene  emulsion  or  whale  oil 
soap. 

The  Black  Scale,  Lecanium  olece  (Bernard). 

This  scale  is  very  similar  to  the  preceding  species. 


LfCaniuin  oleiu  (Comstock,  Div.  of  Entomology,  U.  S.  Depart,  of  Agr., 
Ann.  Keport,  1880).— Adult  females  on  olive,  natuial  size;  a.  female  en- 
Isi^ed. 

nearly  black  in  color,  approaching  hemispherical  in  form, 
and  longer  than  broad.     Length  from  0, 10  to  0.20  of  an  inch 
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(4  to  5  mm.),  height  about  0.12  of  an  inch  (3  mm.).  The 
middle  of  the  back  carries  an  elevated  keel,  which  is  crossed 
at  right  angles  by  two  elevated  ridges,  the  latter  dividing 
the  body  into  nearly  three  equal  parts.  The  body  is  slightly 
margined,  the  outer  part  of  the  disk  being  marked  with 
many  small  ridges,  which  extend  from  the  margin  half  way 
up  to  the  centre  of  the  back. 

Egg, — Long,  oval  in  shape,  about  0.12  of  an  inch  in 
length,  and  of  a  yellowish  color. 

Life  History. — The  young  larvae  prefer  the  smaller 
twigs  of  the  plants  which  they  infest,  and  usually  settle 
upon  the  leaves.  The  development  of  the  species  is  slow, 
so  there  is  probably  not  more  than  one  brood  per  year.  It 
lives  upon  all  citrus  plants,  olive,  pear,  apricot,  plum,  pom- 
egranate, apple,  eucalyptus,  rose,  cape  jessamine,  live  oak, 
holly,  oleander  and  some  other  plants. 

Parasites. — The  species  is  preyed  upon  by  parasites  be- 
longing in  the  family  of  chalcidae  mentioned  in  connection 
with  the  preceding  species,  the  same  parasites  probably 
feeding  more  or  less  indiscriminately  upon  all  the  Lecani- 
ums.  Some  predaceous  caterpillars,  such  as  Lcetilia  cocco- 
divora  and  others  belonging  to  the  family  Tineidae,  also 
feed  upon  them,  eating  out  the  eggs  and  young  larvae  before 
they  have  escaped  from  beneath  the  scale.  Mites  also  con- 
sume the  eggs  and  young.  The  different  species  of  lady- 
bugs  feed  upon  them  freely. 

Remedies. — Mild  appli':ations  of  kerosene  emulsion, 
resin  wash  or  whale  oil  soap  used  as  sprays. 


The  Hemispherical  Scale.  Lecanium  hemisphoercum 

(Targioni). 

This  scale  is  of  a  more  rounded  form  than  the  other 
common  species  of  Lecanium,  approaching  the  form  of  a 
hemisphere;  about  0.14  of  an  inch  (3.5  mm.)  in  length,  0.12 
of  an  inch  (3  mm.)  in  width,  0.08  of  an  inch  (2  mm.)  in 
height.  The  color  varies  from  a  light,  almost  reddish 
brown,  when  young,  to  a  dark  brown,  slightly  tinged  with 
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red  when  old.  The  insects  found  upon  twigs  are  usually 
more  elongate  than  those  found  upon  leaves. 

Egg, — The  egg  is  of  an  ellipsoidal  shape,  about  0.006  of 
an  inch  (0.15  mm.)  in  length,  and  of  a  whitish  color,  inclin- 
ing to  yellow. 

It  feeds  upon  orange,  palms,  orchids,  Camellia  japoni- 
cas,  guavas,  chrysanthemums  and  quite  a  number  of  other 
plants. 

The  parasites  are  probably  identical  with  those  that 
feed  upon  the  preceding  species,  and  the  same  remedies 
would  be  found  effective. 


The  Wax  or  White  Scale,  Cei-oplastes  floridensis 

(Comstock). 

This  beautiful  insect  is  0.08  to  0.12  of  an  inch  (2  to  3 
mm.)  in  length,  of  an  oval  form,  convex  above,  and  concave 
beneath.  The  upper  surface  presents  a  rounded  protuber- 
ance in  the  centre,  around  which  are  arranged  six  or  eight 
smaller  prominences  or  lobes,  which  are  separated  by  a 
groove  from  the  central  projection.  The  white  covering 
consists  of  soft  wax,  quite  similar  to  the  commercial  article. 
The  color  in  clean  specimens  inclines  to  a  beautiful  flesh- 
tinted  white,  the  pinkish  tinge  being  given  by  the  reflection 
of  the  light  through  the  wax  from  the  red  insect  beneath. 
The  insect  itself  bears  on  its  upper*  surface  six  tubercles, 
three  on  each  side,  and  shows  a  short  anal  tube,  the  end  of 
which  is  seen  projecting  from  the  posterior  or  extremity  of 
the  waxy  covering  at  the  bottom  of  a  deep  pit.  The  walls  of 
the  body  are  very  thin,  and  enclose  liquids  or  eggs  of  a  dark 
red  color.  The  egg  is  0.01  of  an  inch  (0.25  mm.)  long,  and 
of  ellipsoidal  form. 

Life  History. — The  eggs,  75  or  100  in  number,  are  ex- 
truded from  the  body  and  hatched  beneath  the  waxy  scale. 
The  young,  escaping  from  beneath  the  scale,  attach  them- 
selves by  their  beaks  to  the  surfaces  of  the  leaves,  chiefly 
along  ^the  midribs  and  veins.  As  they  approach  maturity 
they  go  to  the  bark  of  the  twigs  and  smaller  branches.    The 
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exudations  of  wax  first  form  in  ridges,  the  marginal  ones 
uniting  around  the  central  one. 

About  a  dozen  or  fifteen   similar  tufts  of  wax  arise 
around  the  centre,  and  the  young  louse,  when  about  a  week 


Figs,  5  and  i(, 

lAfler  Comstock,  Div.  of  Entomology,  U.  S.  Depart,  of  Agr,,  Ann. 
Report,  ISKO), 

.?.  I'^rnphiHi't  jloriiicii:iin. — Adult  and  young  femftteg  on  Uej,  natural 
size ;  I'll,  young  female,  enlarged  ;  21;  adult  female  enliirged. 

.;,  c.Viv.^i^i-r.d  c'nTijH'ihfDrmi'. — Adult  females,  tmtural  Bwe;  3o.  fe- 
miile.  enlarged. 

old,  has  been  compared  to  an  oval  white  star  upon  the  leaf. 
At  this  stage  it  has  some  superficial  resemblance  to  some  of 
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the  stages  of  insects  belonging  in  the  Aleyrodidae.  The 
adult  insect  is  covered  with  six  large  plates,  three  upon 
each  side  and  three  smaller  plates  located,  one  at  each  end 
and  one  in  the  centre.  The  wax  finally  becomes  covered 
with  dust  and  dirt,  giving  it  an  appearance  quite  different 
from  that  possessed  when  its  development  was  just  com- 
pleted. 

There  are  about  three  broods,  each  extending  over  three 
or  four  months.  The  first  brood  occurs  in  April  and  May, 
the  second  in  July  and  August,  and  the  third  in  October 
and  November.  This  insect  is  restricted  to  Florida,  and  is 
very  commonly  found  upon  gallberry  in  great  numbers.  It 
also  occurs  upon  quince,  apple,  pear,  the  citrus  fruits,  ferns, 
figs,  myrtles,  guavas  and  a  number  of  other  plants.  As  the 
insects  become  aged  many  of  them  fall  to  the  ground  and 
perish,  being  unable  to  reascend  the  plants  from  which  they 
fell.  The  insect  does  not  often  become  numerous  upon 
orchard  or  grove  trees,  but  sometimes  gets  thick  enough  to 
cause  some  alarm. 

Parasites. — This  insect,  like  the  Lecanium,  is  subject 
to  attack,  some  of  the  parasitic  species  previously  men- 
tioned also  feeding  upon  this  scale. 

Remedies,  — It  is  not  often  that  the  wax  scales  require 
particular  attention,  but  we  have  some  reports  indicating 
that  they  may  inflict  considerable  damage  during  a  short 
period.  If  fully  developed  they  will  probably  lose  their 
hold  and  fall  to  the  groung  in  a  short  time,  so  are  not 
worthy  of  much  attention  while  in  this  stage.  When  the 
growing  larvae  become  numerous  they  can  probably  be  best 
checked  by  an  application  of  resin  wash ;  the  wax  coating 
would,  perhaps,  furnish  protection  in  some  degree  against 
kerosene  applications  or  whale  oil  soap. 


The  Barnacle  Scale,  Ceroplasfes  cirripediformis 

(Comstock). 

This    insecc   agrees    with    the    preceding    species    in 
possessing  a  white  waxy  covering,  but  is  differently  marked. 
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The  average  length  is  0.20  of  an  inch  (5  mm.);  width,  0.16 
of  an  inch  (4  mm.),  and  height,  0.16  of  an  inch  (4  mm.). 
The  naked  insect  is  dark  reddish  brown  in  color,  of  sub- 
globular  shape,  and  with  a  strong  spine-like  projection  at 
the  posterior  end  of  the  body.  The  general  white  color  is 
often  mottled  with  shades  of  grayish  or  light  brown,  the 
boundary  lines  of  the  plates  remaining  apparent,  even  at  an 
advanced  age.  The  back  is  covered  by  a  convex  dorsal 
plate,  which  is  met  on  each  side  by  six  lateral  ones,  each  of 
which  is  marked  by  a  radiating  nucleus  in  the  centre.  The 
posterior  plate  is  larger  than  the  others,  possessing  two 
nuclei,  thus  indicating  that  two  plates  are  joined  together. 
The  eggs  are  0.014  of  an  inch  {0/66  mm.)  in  length,  and  of  a 
light  reddish  brown  color. 

Life  History. — The  newly  hatched  larvae  are  dark 
brown  in  color,  and  follow  practically  the  same  course  of 
development  as  Ceroplastes  ftoridensis. 

It  feeds  on  orange,  quince,  Eupatorium  and  probably 
upon  a  number  of  the  same  food  plants  as  C.  floridensis, 
but  the  species  is  much  more  rare  than  the  white  scale. 

Remedies. — Same  as  for  the  preceding  species. 

The  Mealy  Bug,  Dactylopius  citri  (Risso). 

.  This  insect,  with  other  closely  allied  species,  is  very 
common  in  Florida.  The  adult  female  is  from  about  0. 14  to 
0.16  of  an  inch  (3.5  mm.  to  4  mm.)  in  length,  0.08  of  an  inch 
in  width,  and  very  flat.  The  color  is  dull  brownish  yellow, 
the  legs  and  antennae  agreeing  with  the  body  in  color. 
There  are  17  appendages  on  each  side,  and  most  parts  of 
the  body  are  more  or  less  powdered  with  particles  lighter 
than  the  ground  color.  The  egg  is  about  .01  of  an  inch  in 
length,  of  long  ellipsoidal  form,  and  light  yellow  color. 

The  two-winged  male  is  about  0.033  of  an  inch  (0.87  nun.) 
in  length,  and  has  a  wing  expanse  of  0. 1  of  an  inch  (2. 5  inncL ). 
It  is  of  a  light  olive  brown  color,  with  reddish  attennae  and 
dark  red  eyes. 

Life  History. — The  eggs  are  laid  in  a  large  cottony 
mass  at  the  posterior  extremity  of  the  abdomen,  and  require 
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considerable  time  to  hatch.  After  hatching,  the  larvae  ex- 
hibit a  marked  tendency  to  settle  along  the  midribs  and 
veins  on  the  under  side  of  the  leaves  or  upon  the  younger 
twigs,  especially  in  the  forks.  When  upon  pineapples,  it 
seeks  the  bases  of  the  leaves,  often  descending  a  short  dis- 
tance beneath  the  surface  of  the  ground.  This  habit  makes 
it  difficult  to  exterminate  upon  these  plants. 

It  feeds  upon  house  plants,  orange,  coffee,  tobacco,  cro- 
ton,    Ipomea,    Learii,    Habrothamnus,   Pseonia,    Solanum 

jasmoides  and  probably  a  number  of  others. 


Figs.  7  and  8. 

Dactylopius  citri. — Female  and  winged  male.     (After  Comstock,  Div. 
of  Entomology.  U.  S.  Dept.  of  Agr.,  Ann.  Report,  1880). 

Natural  Enemies, — This  insect  is  especially  subject  to 
attack  by  the  chalcid  flies  and  such  predaceous  caterpillars 
as  Lsetilia  coccodivora.  Lady-bugs  also  feed  upon  the 
eggs  and  young. 

Remedies. — The  principal  difficulty  in  handling  mealy 
bugs  is  not  in  killing  them  when  they  can  be  reached,  but 
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in  reaching  them  with  insecticidal  applications  when  upon 
such  plants  as  pineapple.  Upon  orange  and  plants  above 
ground  they  can  be  readily  kijled  by  kerosene  emulsion, 
resin  wash,  whale  oil  soap,  decoctions  of  tobacco  and  salty 
solutions.  When  upon  pineapples,  and  it  is  wished  to  kill 
the  bugs  without  injury  to  the  plants,  perhaps  an  applica- 
tion of  kainit  dissolved  in  water,  one  ounce  in  a  quart,  can 
be  used  quite  freely  about  the  bases  of  the  plants  without 
much  danger  of  injury,  if  not  used  too  frequently.  A  to- 
bacco decoction,  one  pound  in  a  gallon  of  water,  is  very 
useful,  and  would  not  be  dangerous  to  the  plant  under  any 
circumstances.  Pyrethrum  powder,  used  at  the  rate  of  one 
ounce  in  two  quarts  of  water,  and  thrown  in  the  infested 
parts  of  the  plant  with  an  atomizer,  could  also  be  adopted 
with  good  results  in  some  instances.  Frequent  applications 
of  mild  insecticides  are  apt  to  prove  more  satisfactory,  in 
this  instance,  than  single  severe  treatments. 
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GENERAL  OBSERVATIONS  UPON  SPRAYING. 


In  discussing  the  question  of  artificial  remedies,  it  may 
as  well  be  said  at  the  outset  that  the  determination  of  the 
advisability  of  using  them  depends  largely  upon  the  partic- 
ular circumstances  belonging  to  each  individual  case;  and 
these  circumstances  can  only  become  known  as  the  result 
of  observation  and  experience,  the  larger  and  wider  the 
better.  When  available,  the  agencies  employed  by  nature 
herself  are  always  to  be  preferred  before  artificial  help. 
Vigorous,  healthy  trees  are  seldom  overrun  by  scales  or  in- 
sect enemies,  and  if  trees  are  seriously  attacked,  it  can  gen- 
erally be  taken  as  an  indication  that  they  are  diseased  in 
some  part,  and  that  their  strength  and  resisting  powers  are 
depleted.  The  reasons  for  such  weakness  may  be  due  to 
physiological  causes,  to  lack  of  proper  fertilization,  or  to 
other  and  more  obscure  factors.  If  the  exciting  cause  of 
the  trouble  can  be  discovered,  of  course  the  natural  remedv 
consists  in  removing  it  by  appropriately  modifying  the 
course  of  treatment  and  cultivation  to  which  the  tree  has 
been  accustomed,  by  supplying  the  fertilizing  element 
which  it  lacks,  or  by  doing  whatever  else  may  seem  to 
promise  well  in  the  premises.  An  application  of  fertilizer 
sometimes  proves  an  efficient  corrective,  but,  on  the  other 
hand,  it  may,  if  used  too  freely,  over-stimulate  the  plant, 
and  later  cause  a  reaction,  which  entails  greater  damage 
than  the  first  trouble. 

Trees  that  are  properly  pruned,  and  in  which  the  small 
and  shaded  growth  in  the  interior  of  the  top  is  cut  away, 
are  not  so  apt  to  be  attacked  as  those  which  are  left  to 
themselves.  Shaded  branches,  like  shaded  plants,  being 
unable  to  perform  assimilative  processes  perfectly,  are,  by 
the  enfeebled  conditions  thereby  entailed,  apt  to  become 
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harboring  places,  from  which  armies  of  scales  will  sally 
forth  whenever  the  physiological  condition  of  the  tree  is  for 
any  reason  deranged.  For  similar  reasons,  groves  in  which 
the  trees  are  adequately  spaced  are  more  immune  than 
those  in  which  they  are  crowded.  It  is  almost  impossible 
to  lay  too  much  stress  upon  the  necessity  for  free  circula- 
tion of  air  and  the  admission  of  sunlight. 

Observation  of  the  numbers  of  natural  enemies  at  work, 
coupled  with  the  conditions  and  surroundings,  as  above  dis- 
cussed, will  often  give  a  clear  indication  to  the  experienced 
grower  as  to  the  advisability  of  using  insecticidal  washes. 

We  do  not  believe  that  insecticidal  sprays  are  used  to 
nearly  the  extent  which  their  usefulness  warrants,  but,  on 
the  other  hand,  there  seems  to  be  a  pretty  well  founded 
opinion  that  many  who  do  spray  are  apt  to  overdo  the 
good  work,  especially  in  the  first  enthusiasm  which  marks 
their  introduction  of  the  new  process,  and  before  experience 
has  taught  them  that  tliere  is  a  danger  line  in  '*much  spray- 
ing,'' as  well  as  in  multiplied  numbers  of  bugs.  Many  men, 
who  have  suffered  from  such  an  experience,  have  become 
settled  sceptics  upon  the  whole  subject  of  spraying,  and  are 
distrustful  of  any  measures  of  this  character:  others  have 
suffered  in  the  same  manner  from  no  assignable  cause,  the 
sprays  having  been  applied  as  moderately  and  intelligently 
as  was  possible  in  our  present  state  of  knowledge,  and  these 
men  have  naturally  joined  the  contingent  who  condemn 
the  practice.  Some  of  these  detractors  allow  nature  to  take 
her  course  without  further  attention,  sometimes,  and  gen- 
erally, paying  a  greater  or  smaller  price  for  their  negli- 
gence, sometimes  happily  finding,  or  rather  being  found,  by 
a  stroke  of  good  luck  exceeding  any  reasonable  expecta- 
tion. Other  and  more  persistent  men,  having  abandoned 
hope  of  relief  through  the  spray  pump,  are  led  to  study  and 
apply  the  natural  agencies,  which  have  been  briefly  dis- 
cussed in  the  preceding  pages  with  such  intelligence  and 
success  that  it  is  admitted  that  they  have  little  or  no  neces- 
sity for  using  sprays.  These  latter  men,  being  artists  in 
their  profession,  give  a  weight  with  many  people  to  the 
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idea  of  **no  spraying  at  air*  that  does  not  seem  to  us  to  be 
warranted  by  either  the  f aots  of  common  observation  or  the 
general  experience  of  the  past  twenty  years.  While  we 
freely  concede  that  some  groves  are  in  more  danger  from 
the  pump  than  from  the  insects  that  swarm  over  and 
through  them,  and,  again,  that  under  ordinary  circum- 
stances it  is  within  the  limits  of  possibility  to  so  guide  the 
forces  of  nature  as  to  render  the  application  of  sprays 
largely  unnecessary,  it  should  not  be  forgotten  that  be- 
tween these  two  extremes  of  practice  is  included  that  great 
body  of  growers  who  will  not  risk  the  threatened  sacrifice 
of  their  annual  crops,  and,  perhaps,  of  their  orchards  as 
well,  to  the  folly  of  inertia  on  the  one  hand,  and  who  have 
not  had  the  experience  nor,  perhaps,  the  occasion,  on  the 
other  hand,  to  acquire  that  knowledge  of  natural  agencies 
sufficient  to  enable  them  to  master  an  emergency  which 
may  have  overtaken  them  suddenly;  and  since  the  great 
reliance  of  the  successful  non-sprayer  consists,  in  the  main, 
of  prevention  and  not  cure,  his  knowledge  is  of  not  great 
avail  to  the  man  who  either  has  not  taken  the  precaution- 
ary preventive  measures,  or  whose  efforts  in  such  direction 
have  failed  for  some  reason,  good  or  bad.  It  may  be  further 
observed  in  this  connection  that,  perhaps,  there  is  no  man^ 
however  careful  and  foresighted,  that  would  not  find  it  to 
his  advantage  to  use  sprays  at  times.  We  do  not  believe  it 
is  possible  for  any  man,  under  all  circumstances,  to  success- 
fully suppress  or  avert  such  an  insect  as  the  San  Jose  scale 
without  resorting  to  spraying  or  fumigation,  admitting  that 
it  sometimes  practically  disappears,  without  the  orchard- 
ist's  assistance,  from  infested  orchards  in  Florida  and  ad- 
joining States  which  possess  a  warm  atmosphere  of  more 
than  ordinary  humidity,  and,  hence,  favorable  to  the  devel- 
ment  of  fungus  growths. 

We  have  discussed  this  topic  of  spraying  at  some 
length,  because,  for  some  reason,  it  appears  that  many 
Florida  growers  express  themselves  in  an  unusually  con- 
servative manner  regarding  the  use  of  sprays. 

Assuming,  then,  that  more  or  less  spraying  will  be 
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done,  and  is  necessary,  we  will  consider  briefly  the  best 
ways  of  applying  them,  and  the  materials  which  should  be 
used. 

We  have  known  some  orange  growers  who  made  a  reg- 
ular practice  of  spraying  the  trunks,  larger  limbs  and  inte- 
rior shoots  of  their  trees  every  one  or  two  years  with  a  mild 
insecticide,  such  as  whale  oil  soap,  used  at  the  rate  of  one 
pound  in  from  three  to  six  gallons  of  water,  and  reported 
that  they  found  such  application,  if  correctly  timed,  suffi- 
cient to  keep  their  groves  practically  clean.  Of  course, 
such  groves  were  not  badly  infested  to  begin  with,  or 
stronger  applications  would  have  been  needed.  Others  fol- 
low.the  plan  of  watching  for  particular  trees  that  are  af- 
fected to  a  greater  degree  than  the  rest,  and  of  confining 
^  their  operations  to  these  trees,  not  giving  any  application 

at  all  to  trees  not  in  seeming  nee.d  of  treatment.  It  would 
seem  to  us  that  the  latter  is  the  more  desirable  policy, 
though  either  one  might  be  better  than  never  spraying  at 
all  under  any  circumstances.  We  may  remark  here  that  it 
is  seldom  that  a  tree  needs  applications  oftener  than  once  in 
two  years  if  the  treatments  are  correctly  timed;  except  for 
special  reasons  even  the  San  Jose  scale,  in  orchards,  does  not 
often  need  more  than  a  biennial  course  of  treatment,  and  it 
may  be  laid  down,  as  a  general  principle,  that  a  number  of 
mild  applications  judiciously  following  each  other  give  more 
satisfactory  results,  from  the  standpoint  of  both  bugs  and 
plants,  than  single  severe  treatments. 
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SPRAYS  AND  WASHES. 


Kerosene, — Perhaps  no  substance  has  a  wider  range  of 
usefelness  than  the  preparations  of  kerosene  in  the  form  of 
emulsions,  mechanical  mixtures,  and  soaps.  No  one  insecti- 
cide has  been  so  generally  used,  and  with  such  satisfactory 
results,  as  the  standard  kerosene  emulsion  in  use  for  so 
many  years.  This  has  proven  especially  true  on  the  Atlan- 
tic coast  and  in  humid  countries.  While  mechanical  mix- 
tures of  kerosene  have  the  advantage  of  being  readily  used, 
and,  perhaps,  are  more  penetrating  for  insects  like  the  ar- 
mored scales,  they  have  not  been  extensively  used  in  Flor- 
ida for  the  particular  insects  described  in  this  bulletin,  and 
until  they  shall  have  been  more  widely  tried,  we  are  unable 
to  pass  positive  judgment  as  to  their  desirability  as  com- 
pared with  the  emulsion.  Of  the  insects  herein  treated,  the 
emulsion  may  be  recommended  for  the  two  species  of  My ti- 
laspis,  for  the  Lecaniums,  the  mealy  bugs  and  the  wax 
scales  before  the  waxy  covering  entirely  shields  the  body. 

Resin  TTas/i.— After  the  kerosene  preparations  the  resin 
washes  have  been  in  greatest  favor  as  remedies  for  scale  in- 
insects,  and  in  dry  climates,  such  as  are  found  in  the  West, 
they  have  generally  been  more  satisfactory  than  kerosene. 
The  experience  of  the  Eastern  and  Atlantic  coast  States  has 
generally  given  the  preference  to  kerosene,  yet  there  are 
many  fruit  men  in  Florida  who  prefer  the  resin  wash.  It 
will  be  effective  against  all  the  insects  listed  herein,  and 
should,  perhaps,  be  preferred  before  kerosene  against  the 
wax  scales  if  they  are  fully  developed. 

Whale  Oil  Soajj. — The  fish  oil  soaps  furnish  another 
spray  very  commonly  used,  the  quickness  with  which  this 
material  can  be  prepared  for  use  being  a  strong  argument 
in  its  favor  by  many  people.     It  should  be  observed  that  not 
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all  fish  oil  soaps  are  good  insecticides,  and,  in  fact,  but  two 
of  those  that  are  widely  used  are  of  such  uniform  composi- 
tion and  strength  that  they  are  generally  recommended  by 
entomologists.  One  of  these  soaps  is  known  as  Leggett*s 
Anchor  Soap,  and  is  manufactured  by  Leggett  Bros.,  New 
York  City.  Another  is  Good's  Potash  Whale  Oil  Soap,  No. 
3,  manufactured  by  Jas.  Good  &  Co. ,  of  Philadelphia.  These 
soaps,  used  at  a  strength  of  two  pounds  dissolved  in  one 
gallon  of  water,  almost  equal  the  kerosene  emulsions  and 
resin  wash  against  even  armored  scales.  It  is  especially 
desirable  for  use  when  a  number  of  successive  mild  appli- 
cations are  required  at  intervals,  when  the  strength  of  the 
solutions  can  be  readily  varied. 

H.  A.  GOSSARD. 
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INTRODUCTION. 

In  recent  years  considerable  interest  has  been  manifested  in 
the  United  States,  concerning  the  character  of  foods  for  sale  on 
our  markets,  which  are  intended  for  human  consumption.  In 
the  older  coimtries  it  was  found  necessary,  many  years  ago,  for  the 
enactment  of  laws  regulating  the  sale  of  foods,  because  of  the 
practice  of  adulteration.  Little  attention  was  given  to  this  matter 
in  our  country  until  recently,  but  a  few  states  and  some  of  the 
larger  cities,  realizing  the  importance  of  protecting  their  citizens 
from  fraud,  and  what  is  more  serious,  the  possibility  of  having  the 
public  health  permanently  injured  by  the  use  of  unwholesome  or 
poisonous  foods,  have  adopted  measures  to  prevent  the  sale  of  adul- 
terated foods  within  their  borders.  The  practice  of  adulterating 
foods  in  this  country  has  been  found  to  be  rather  extensive  by  those 
who  have  investigated  the  subject.  It  is  to  the  interest,  both  of  the 
purchaser  and  the  honest  producer,  to  have  this  practice  discontin- 
ued, and  this,  has  led  to  the  organization  of  the  National  Pure  Food 
and  Drug  Congress,  the  purpose  of  which  is  to  suppress  the  sale 
of  adulterated  foods  and  drugs.  This  organization  is  endeavoring 
to  have  Congress  pass  a  bill  regulating  the  sale  of  foods  and  drugs 
in  the  United  States.  In  view  of  what  has  been  said  it  has  been 
decided  that  a  series  of  short  bulletins  relating  to  this  matter  might 
prove  of  some  service  to  the  citizens  of  the  State. 

It  is  possible  that  other  subjects  may  be  taken  up,  including 
those  things  of  special  interest  to  the  agricultural  classes,  such  as 
cattle  foods,  insecticides,  etc.  In  the  preparation  of  this,  the 
first  bulletin  of  the  series,  information  has  been  gathered  from  the 
works  of  Blyth,  Allen  and  others,  as  well  as  the  United  States 
Dispensatory.  Special  acknowledgment  is  due  that  excellent  treat- 
ise on  the  subject,  Bulletin  13,  part  5,  United  States  Department 
of  Agriculture,  Division  of  Chemistry. 


BREAD  BAISING. 
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Prom  the  very  earliest  times  it  has  been  the  custom  for  man 
to  aerate,  or  leaven,  the  greater  portion  of  his  bread.  This  is  ac- 
complished  by  causing  carbon  dioxide  to  form  in  and  expand 
throughout  the  dough  while  it  is  being  made  into  bread.  If  no 
provision  is  made  for  this  leavening,  the  resulting  bread  will  be 
tough,  compact  and  hard ;  a  condition  in  which  it  is  much  less  eas- 
ily digested  than  would  otherwise  be  the  case.  On  the  other  hand, 
well-prepared  bread  is  light,  porous  and  spongy,  and  is  in  a  condi- 
tion to  be  easily  acted  upon  by  the  digestive  fluids  of  the  alimen- 
tary canal.  The  leavening  of  bread  is  best  achieved  by  the  use 
of  yeast.  In  this  way  a  small  part  of  the  carbohydrates  in  the 
dough  ferments,  the  fermentation  being  due  to  the  action  of  min- 
ute organisms  introduced  in  the  yeast.  Carbon  dioxide  is  disen- 
gaged and  in  its  effort  to  escape  makes  the  dough  rise.  When  the 
dough  is  baked  the  carbon  dioxide  expands,  rendering  the  bread 
porous  and  light.  By  this  method  no  unnatural  substance  is  ad- 
ded to  the  bread,  so  consequently  there  is  no  objectionable  resi- 
due left.  In  so  far  as  the  quality  of  the  bread  is  concerned,  there 
is  no  method  that  will  approach  this  natural  process  which  has 
been  longest  in  use.  However,  since  considerable  time  is  required 
for  the  fermentation  to  set  in,  more  rapid  methods  have  been  in- 
troduced. These  methods  depend  upon  the  use  of  chemicals  or 
upon  mechanical  devices  for  introducing  the  carbon  dioxide  in 
the  dough.  In  this  country  the  only  other  method  in  common  use 
is  the  one  depending  on  the  employment  of  chemicals. 

CHEMICAL  AERATING  AGENTS. 


Ordinary  cooking  soda  is  the  substance  nearly  always  em- 
ployed for  furnishing  the  carbon  dioxide,  but  it  is  also  necessary 
;o  use  some  chemical  which  will  act  on  the  soda  in  order  that  it 
may  yield  the  gas  contained  in  it.  Besides  the  carbon  dioxide  gas, 
which  is  liberated,  there  is  always  formed  one  or  more  compounds 
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which  remain  as  a  solid  residue  in  the  bread.  The  nature  of  this 
residue  depends  upon  the  character  of  the  chemical  used  to  react 
withthesodaandalsoupontherelative  proportions  in  which  the  two 
substances  are  compounded.  This  second  substance  is  either  an 
acid  or  an  acid  salt.  It  was  the  housewife  to  whom  must  be  given* 
the  credit  for  first  introducing  the  chemical  process  of  raising 
breads  when  she  resorted  to  the  use  of  sour  milk  and  soda  for 
making  biscuit,  and  at  times,  when  sour  milk  was  not  available,  she 
substituted  cream-tartar.  Prom  the  principle  involved  in  this  has 
developed  the  vast  baking  powder  industry,  which  has  reached 
enormous  proportions  in  the  United  States,  and  is  also  being  rap- 
idly extended  throughout  the  world.  When  sour  milk  is  used  wilii 
soda,  it  is  the  lactic  acid  of  the  milk  reacting  with  the  soda  which 
liberates  carbon  dioxide,  and  there  is  also  formed  a  salt,  known  as 
sodium  lactate,  which  remains  in  the  bread.  The  quantity  of  acid 
present  in  sour  milk  is  so  variable  that  it  requires  much  practice, 
skill  and  judgment  to  become  an  adept  in  preparing  bread  with 
its  use,  but  the  superior  quality  of  the  bread  over  that  made  by 
the  employment  of  other  chemical  agents,  amply  repays  one  for  the 
care  exercised  in  gaining  this  experience.  If  we  mix  cream-tartar 
and  sodium  bicarbonate  in  the  proportion  in  which  they  combine 
and  add  flour  or  starch  to  the  mixture,  in  sufficient  quantity  to  keep  it 
dry,  we  have  a  baking  powder.  A  baking  powder  then  consists  of 
an  alkaline  carbonate  mixed  with  an  acid  constituent  in  about  the 
proper  proportions  for  combination,  together  with  sufficient  dry 
inert  material' to  prevent  chemical  action,  so  long  as  the  mixture 
remains  dry.  Contrary  to  the  popular  belief,  there  is  no  baking 
powder  which  does  not  leave  a  residue  in  the  bread,  and  this  resi- 
due is  more  or  less  objectionable,  or  perhaps  injurious ;  the  degree 
depending  chiefly  upon  the  nature  of  the  acid  constituent  in  the 
powder. 

CLASSIPICATIOKT  OP  BAKING  POWDERS. 

There  are  three  acids  used  at  present  for  the  manufacture  of 
baking  powders,  and  for  that  reason  all  may  be  grouped  under 
three  heads: 
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(1).    Those  powders  which  have  for  the  acid  constituent 

some  form  of  tartaric  acid.    These  are   known  as   tartrate  pow- 
ders. 

(2).  Those  powders  which  have  for  the  acid  constituent 
some  form  of  phosphoric  acid.  These  are  known  as  phosphate 
powders. 

(3).  Those  powders  which  have  for  the  acid  constituent 
some  form  of  sulphuric  acid.  These  are  known  as  alum  pow- 
ders. 

We  frequently  find  powders  which  may  he  classed  in  two  of 
the  above  divisions^  since  the  acid  constituent  is  composed  of  a 
mixture  of  two  of  the  above  named  acid  constituents. 


TAETEATE  POWDERS. 

This  class  of  baking  powders  is  regarded  by  many  authori- 
ties as  the  least  objectionable  of  all^  and  indeed,  many  consider 
them  to  be  perfectly  harmless.  Cream-tartar  is  the  substance  most 
commonly  employed  to  furnish  the  tartaric  acid,  and  it  is  known 
to  the  chemist  as  potassium  bitartrate.  It  is  found  in  certain 
fruits  and  is  almost  entirely  obtained  as  a  by-product  in  the  manu- 
facture of'  wine  from  the  juice  of  grapes.  There  can  be  no  doubt 
that  the  juice  of  grapes  is  a  desirable  and  harmless  food ;  a  pro- 
moter of  health  rather  than  a  hindrance  to  digestion.  It  must  be 
remembered,  however,  that  after  the  bread  has  baked,  the  po- 
tassium bitartrate  has  lost  its  identity,  and  has  been  converted 
into  a  substance  having  different  properties,  so  for  this  reason  it 
will  not  do  to  conclude  that  the  residue  from  a  tratrate  powder  is 
perfectly  harmless.  The  following  equation  represents  the  changes 
which  take  place : 

KHC4H40fl  +    Na  HCOs  +4H2  0==KNa  C4H406,4H,  O  +  COj+HjO 
PotaBsium  sodium      and  Wate'' form        Potassium      Carbon  and  Water, 

bitartrate,  bicarbonate,  sodium  dioxide, 

tartrate, 

* 

The  sodium  of  the  sodium  bicarbonate,  takes  the  place  of  one 
unit  of  hydrogen  in  the  potassium  bitartrate,  forming  the  double 
salt,  potassium  sodium  tartrate,  which  combines  with  four  mole- 
cules of  water  and  crystallizes.     This  remains  in  the  bread  and 
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is  commonly  known  as  Bochelle  salt.  One  molecule  of  carbon  di- 
oxide is  set  free  and  escapes^  while  the  remaining  elements  nnite, 
forming  water.  « Bochelle  salt  is  used  in  medicine  and  is  a  mild 
purgative.  According  to  the  United  States  Dispensatory,  this  sub- 
stance, given  in  smaU  and  repeated  doses,  does  not  purge,  btlt  .is 
absorbed  by  the  system  and  converted  into  carbonates,  which  ren- 
der the  urine  alkaline.  This  seems  to  me  a  rather  serious  ob- 
jection, as  it  is  well  known  that  the  normal  urine  is  acid,  and  an 
alkaline  urine  is  imnatural,  and  of  itself  is  liable  to  produce  serioua 
disorders  of  the  urinary  organB. 

One  quart  of  flour  requires  from  two  to  three  teaspoonfuls 
of  the  powder,  and  from  this  it  is  estimated  that  a  little  more  than 
half  an  ounce  of  Bochelle  salt  is  formed  in  the  bread.  This  quantity 
taken  as  a  single  dose  would  produce  purging.  Sometimes  free  tartar- 
ic acid  is  used  as  the  acid  constituent  in  these  powders,  but  its  use 
is  exceedingly  limited.  The  residue,  in  case  this  substance  is  em- 
ployed, would  be  a  salt  known  as  sodium  tartrate,  which,  like  Bo- 
chelle salt,  is  a  mild  purgative,  but  is  less  objectionable.  It  is  more 
difficult  to  prepare  a  baking  powder  which  will  not  deteriorate,  with 
the  free  acid,  than  with  cream-tartar.  Another  objection  to  its 
use,  is  that  it  acts  on  the  soda  too  rapidly  while  the  dough  is  being 
made.  The  potassium  bitartrate  used,  should  not  be  the  crude  ar- 
ticle of  commerce,  but  should  contain  about  98  per  cent  of  the 
pure  substance,  otherwise  •the  resulting  powder  will  have  a  low 
efficiency. 

PHOSPHATE  POWDEES. 

This  class  of  powders  is  somewhat  less  expensive  than  the  tar- 
trate powders,  since  the  acid  ingredient  may  be  prepared  from 
cheap  minerals  which  occur  widely  distributed  and  in  abundance. 
The  bones  of  animals  may  also  be  used  for  the  preparation  of  the 
phosphoric  acid,  so  this  substance  commands  a  lower  price  than 
cream-tartar.  An  acid  salt  of  calcium  is  the  form  in  which  the 
phosphoric  acid  is  used  and  is  called  by  the  chemist  monocalcium 
phosphate.  It  is  obtained  by  treating  either  bone-ash  or  rock 
phosphate  with  sulphuric  acid.    A  mixture  results  which  is  com- 
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posed  chiefly  of  calcium  sulphate  and  monocalcium  phosphate. 
This  mixture  is  purified  to  a  certain  extent^  but  all  the  calcium 
sulphate  is  not  removed.  So  the  acid  constituent  of  the  phosphate 
poT^ders  always  contains  some  calcium  sulphate,  or  gypsum,  and 
usually  there  is  also  present  some  aluminum  sulphate.  This  last 
named  substance  is  present  because  nearly  all  the  crude  materials 
from  which  phosphoric  acid  is  manufactured  contain  aluminum 
phosphate,  which,  when  treated  with  sulphuric  acid,  yields  alumi- 
num sulphate  and  phosphoric  acid.  It  is  difficult  to  remove  this 
salt  from  the  mixture. 

It  is  not  possible  to  say  just  what  changes  take  place  in  bread 
containing  phosphate  powders  during  its  preparation,  on  account 
of  the  complex  nature  of  the  chemical  action  due  in  part  to  the 
impurities  usually  present.  The  following  equation  probably  repre- 
sents the  reaction  which  takes  place  when  pure  chemicals  are  em- 
ployed: 

CaH4'(P04)2  +2Na  HCOs  =Na2HP04    +Ca  HPO4+H2O      +20  0« 
Monocalcium  sodium  disodiam  dioalcium  Carbon 

Phosphate  and  bicarbonate  form    phosphate,     phosphate,  Water,  and  dioxide. 

,  The  weight  of  the  residue  in  the  bread  will  be  about  equivalent 
to  the  total  weight  of  powder  used.  One  of  the  chemicals  in  this 
residue — sodium  phosphate — ^is  a  mild  purgative  when  taken  in 
doses  of  from  one  to  two  ounces,  and  is  frequently  administered  as 
a  medicine.  Its  effect  when  taken  iA  small  and  frequent  doses 
has  perhaps  not  been  fully  studied,  but  it  is  likely  that  the  residue 
from  these  powders,  when  prepared  from  pure  chemicals,  is  about 
as  free  from  objection  as  the  residue  from  tartrate  powders.  In 
fact,  it  is  claimed  by  the  manufacturers  of  phosphate  powders,  that 
the  phosphates  removed  from  the  wheat  in  the  preparation  of 
bolted  flour  are  restored  by  the  use  of  their  powders.  It  is  an  estab- 
lished fact  that  the  system  demands  much  phosphorus,  but  whether 
it  can  assimilate  it  to  advantage,  as  it  is  presented  in  the  res- 
idue from  phosphate  powders,  is  an  unsettled  question;  and  fur- 
thermore, other  foods  furnish  ample  quantities  of  this  element  to 
meet  all  the  demands  of  the  body.  It  is  to  be  observed,  too,  that 
more  phosphorus  is  added  to  the  bread  than  is  removed  from  the 
wheat  by  the  milling  process  through  which  it  goes.  It  is  well  to 
bear  in  mind  that  alum  is  frequently  present  in  these  powders,  due 
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most  probably,  to  the  presence  of  alxuninmii  phosphate  in  the  orig- 
inal material  from  which  the  calcuim  monophosphate  was  pre- 
pared. 

ALUM  POWDERS. 

The  great  majority  of  the  baking  powders  on  the  market  be- 
long to  this  class,  and  they  are  as  a  rule  much  lower  in  price  than 
those  previously  mentioned.  Alum  is  a  double  sulphate  of  alum- 
inum and  an  alkali  metal,  and  when  a  solution  of  alum  is  added  to 
sodium  bicarbonate,  a  reaction  takes  place,  giving  rise  to  the  libera- 
tion of  carbon  dioxide.  In  baking  powders  we  sometimes  find  ammo- 
nium alum  and  sometimes  potassium  alum,  and  even  a  mixture  of 
these  is  not  infrequently  found.  Ammonium  alum  is  made  by 
crystallizing  the  salt  from  mixed  solutions  of  ammonium  sulphate 
and  aluminum  sulphate.  Its  composition  is  expressed  by  the  for- 
mula: 

(NH4)2Al,(SO04,24H2O 

Potassium  alum  is  made  in  a  similar  manner,  though  substitut- 
ing potassium  sxdphate  for  ammonium  stdphate,  and  its  composition 
i;5  expressed  by  the  formula : 

K2Al8(S04)4,24H20 

Each  kind  contains  twenty-four  molecules  of  water  of  crys- 
tallization. The  alum  crystals  are  ground  to  a  fine  powder  and 
mixed  with  starch  and  sodium  bicarbonate,  in  the  proper  propor- 
tions, and  when  this  is  moistened,  as  is  the  case  when  the  dough  is 
made,  the  following  indicated  changes  take  place,  if  ammonium 
alum  is  used: 

(NH4)2Als(804)4+6Na  HCOs=Al2(OH)6+3Na2S04+(NH4)2S04  +6C08 

Ammonium  al-  sodium  aluminum  sodium   ammonium  sulphate 

uminum  sulphate  and  bicarbonate  form  hydroxide,    sulphate,    and  carbon  dioxide. 

If,  however,  potassium  alum  is  used,  the  changes  are  repre- 
sented thus : 

KsAl2(S04)4      +6Na  HCOs  =  Al2(OH)6  +3Na2S04  +^2804      +6C0» 

PotaMium  alaminam  aodlum  alominum         lodlam         Potaaium      carbon  di 

•olpbate  and  bicarbonate  form    taydroadde       sulphate    •olphate  and        oxide. 


138 

It  cannot  be  said  that  this  represents  the  actnal  changes  which 
take  place  during  the  bakings  though  it  is  believed  by  many  to  do 
€0.  The  weight  of  the  residue  left  in  the  bread  from  alum  powders 
is  greater  than  the  weight  of  the  total  quantity  of  powder  used. 
This  is  explained  by  the  fact  that  water  unites  with  some  of  the 
products  to  form  crystalline  salts,  and  the  amount  of  water  so 
taken  up  is  greater  in  weight  than  the  carbon  dioxide  which  is  lib- 
erated. One  may  readily  see,  also,  that  the  residue  left  in  this 
case  is  much  more  complex  than  that  left  from  the  other  powders. 
One  of  the  products — sodium  sulphate — ^is  a  mild  purgative  and 
it  may  be  regarded  as  harmless.  It  is  known  as  Glauber's  salt.  If 
the  powder  contains  potassium  alum,  one  of  the  products  will 
be  potassium  sulphate,  and  this  is  known  to  be  more  active  on  the 
system  than  sodium  sulphate.  It  was  formerly  administered  in 
medicine  as  a  cathartic,  but  its  use  has  nearly  ceased  at  the  pres- 
ent time.  In  case  ammonium  alum  is  used  in  the  powder,  we  have 
a  product — ammonium  sulphate — ^which  is  even  more  objectionable 
than  potassium  sulphate.  The  ammonium  compounds  have  been 
found  to  be  decidedly  more  irritating  than  the  sodium  or  potassium 
compounds,  when  taken  in  normal  medical  doses.  It  is  to  be  re- 
membered, though,  that  rather  small  amounts  of  these  salts  would 
be  formed  in  the  quantity  of  bread  sufficient  for  an  individual 
meal,  and  it  cannot  be  said  with  certainty  that  such  small  quan- 
tities are  deleterious.  Nevertheless,  the  very  fact  that  we  do  not 
know,  should  make  one  cautious.  The  remaining  substance,  and 
one  which  is  always  left  as  a  residue  from  alum  powders,  is  known 
as  aluminum  hydroxide.  This  substance  has  given  rise  to  much 
controversy;  some  claiming  it  is  without  injury  to  the  human  sys- 
tem, and  others  maintaining  that  it  is  injurious,  and  is  liable  to 
produce  serious  derangement  of  the  digestive  system.  There  can 
be  no  doubt  that  alum,  as  such,  when  taken  into  the  stomachy 
even  in  small  and  often  repeated  doses,  will  interfere  with  the  nat- 
ural processes  of  digestion,  and  for  this  reason,  is  harmful  and 
should  be  avoided.  The  question  then  to  be  decided  is  whether 
any  alum  is  left  in  the  bread  undecomposed,  or  whether  the  alumin- 
um hydroxide,  which  is  formed,  is  soluble  in  the  digestive  fluids.  It 
is  hard  to  be  convinced  that  the  powders  are  so  carefully  com- 
pounded, and  the  mixing  so  perfect,  that  there  will  never  be  any 
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slum  left  in  bread,  in  which  the  powders  are  used.  It  is  claimed  by 
those  who  make  these  powders,  that  the  aluminum  hydroxide,  dur- 
ing the  cooking  process,  loses  water,  and  is  converted  into  a  sub- 
stance insoluble  in  the  fluids  of  the  stomach.  Others  claim  that 
the  temperature  at  which  bread  is  cooked  is  not  sufficiently  high  to 
bring  about  this  change.  If  this  latter  claim  is  correct,  few  phys- 
icians would  recommend  the  use  of  alum  powders.  It  is  not  for  us 
to  say  positively  that  the  use  of  alum  powders  is  to  be  condemned, 
with  our  knowledge  of  the  subject  so  imperfect.  This  question  is 
to  be  largely  settled  by  the  physiologist  and  it  will  require  a  great 
deal  of  patient  research  to  solve  the  problem.     One  thing  which 

may  aid  us  in  forming  a  conclusion  is  the  fact  that  England  and 
France,  the  two  countries  which  have  been  most  careful  in  regulat- 
ing the  sale  of  human  foods,  virtually  prohibit  the  sale  of  alum 

powders.  Many  eminent  disinterested  scientists  condemn  their  use 

in  no  uncertain  language. 

BAKING  POWDER  FOR  SALE  IN  FLORIDA. 

• 

In  order  that  the  public  may  have  an  opportunity  of  knowing 
something  of  the  character  of  the  brands  of  powders  they  are  using, 
a  number  of  brands  which  were  f  oxmd  on  sale  in  Lake  City  were 
purchased,  and  examined  in  the  laboratory,  to  such  an  extent,  that 
they  might  be  properly  classified.  A  complete  quantitative  analy- 
sis was  deemed  unnecessary,  but  the  quantity  of  available  carbon 
dioxide  was  carefully  determined  in  each  sample,  in  order  that  the 
relative  efiBciency  of  the  different  brands,  as  leavening  agents, 
might  be  known. 

The  method  used  for  estimating  the  available  carbon  dioxide 
is  the  same  as  followed  by  the  Division  of  Chemistry,  United  States 
Department  of  Agriculture,  and  published  in  Bulletin  13,  part  5, 
page  589. 

There  was  no  posibility  of  ascertaining  how  long  a  time  had 
elapsed  since  the  preparation  of  these  samples;  and  as  baking 
powders  may  slowly  lose  their  efiBciency,  some  of  these  brands  may 
not  show  up  as  well  as  others,  on  account  of  having  been  prepared 
for  a  longer  time. 
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The  samples  were  purchased,  however,  just  as  any  customer 
would  purchase  them,  and  it  is  believed  the  comparisons  are  equal- 
ly just  to  all,  at  least  as  nearly  so  as  possible.  All  the  samples  were 
examined  for  tartaric  acid,  phosphoric  acid,  sulphuric  acid,  am- 
monia and  aluminum.  Special  care  was  used  in  testing  for  these 
substances. 

Below,  is  given  a  table  of  the  brands  examined,  showing  to 
which  class  each  belongs,  as  well  as  the  percentage  of  available 

carbon  dioxide,  with  such  remarks  as  are  deemed  advisable.  It 
would  have  been  desirable  to  have  obtained  brands  from  other  lo- 
calities, so  that  the  list  would  be  more  complete,  and  if  possible, 
include  all  the  brands  to  be  found  on  sale  in  the  State.  This  was 
found  impracticable,  but  if  any  of  our  citizens  is  using  a  brand  not 
named  in  the  list  below  we  will  examine  the  same  and  classify  it, 
provided  an  unbroken  package  be  sent  to  the  laboratory  by  mail,  or 
by  express,  charges  prepaid. 


I.  Tartrate  Powders. 


LABORATORY 
NUMBER. 

BRAND. 

NAME  AND  ADDRESS  OF  MANUFACTURER. 

PER  CENT. 

OP  CARBON 

DIOXmE. 

1101 

Royal  .   .   . 

Royal  Baking  Powder  Co.,  New  York 

12.85 

II.  Phosphate  Powders. 


LABORATORY 
NUMBER. 

BRAND. 

NAME  AND  ADDRESS  OF  MANUFACTURER. 

PER  CENT. 

OF  CARBON 

DIOJUDE. 

1102 

1096 

1098 

1099* 

1100 

Silver   .   .  . 
Rex  .... 
Calumet  .  . 
Obelisk  .   . 
Horsford's  . 

F.  Middleton  &  Co.,  Philadelphia  .   . 
J.  D.  &  R.  S.  Christian  Company  .   . 
Calumet  Baking  Powder  Co.,  Chicago. 
Ballard  &  Ballard  Co.,  Louifiville  .   . 
Rum  ford  Chemical  W'ks,  Providence, 

8.16 

10.11 

4.36 

0.45 

12.31 

■'I 
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Alum  Powders. 


LABORATORT 
NUMBER. 

BRAND. 

NAME  AND  ADDRESS  OF  MANUFACTURER. 

PER  CENT. 

OF  CARBON 

DIOXIDE. 

1090 

1091» 

1092 

1093 

Rose  Leaf  . 
Three  Cent. 
Railroad  .   . 
Parrot  and 

Monkey  . 
Good  Luck  . 
Free  Silver  . 
Success    .   . 

Rose  Leaf  Chemical  Co.,  Savannah.  Oa 
Roanoke  Chemical  Co.,  Roanoke,  Va 
Morehouse  Mfg.  Co.,  Savanna^,  6a.  . 
The  Sea  Gull  Specialty  Company,  Bal- 
timore. Md 

11,42 

9.25 

13.73 

14.26 

1094* 
1095* 
1097 

Southern  Mfg.  Co.,  Richmond,  Va.  . 
Roanoke  Chemical  Co.,  Roanoke,  Ya. 
Morehouse  Mfg.  Co.,  Savannah,  Ga.  . 

12.45 
10.87 
14.64 

By  referring  to  the  la6t  column  in  the  above  table  one  can 
form  a  fair  opinion  of  the  efiBciency  of  any  brand  there,  as  a  leaven- 
ing agent.  A  good  powder  should  contain  from  11  to  12  per  cent, 
of  available  carbon  dioxide.  Any  one  containing  less  than  11  per 
cent,  may  be  regarded  as  not  up  to  the  standard,  as  there  is  no 
excuse  for  a  powder  containing  less.  It  is  to  be  observed  that  alum 
powders  may  be  made  which  have  very  great  leavening  power.  All 
the  brands  under  the  head  of  phosphate  powders  were  found  to 
contain  more  or  less  aluminum,  and  the  three  numbers,  1096,  1098 
and  1099,  contain  this  element,  and  sulphates  enough,  for  them  to 
be  regarded  as  mixed  alum  and  phosphate  powders.  The  quantity 
of  aluminum  in  numbers,  1102  and  1100,  is  so  small  that  it  is  very 
likely  that  it  was  derived  from  the  phosphate  rock,  used  for  mak- 
ing the  monocalcium  phosphate.  It  is  a  striking  fact  that  the  two 
brands,  1099  and  1098,  which  were  claimed  by  their  manufacturers 
to  be  absolutely  pure,  and  the  only  genuine  article  to  be  found, 
proved  to  be  as  worthless  as  so  much  dirt.  Those  brands  having 
a  star  placed  after  the  numbers  contain  ammonia,  which  is  pres- 
ent as  ammonium  alum  or  as  an  impurity  in  the  sodium  bicarbonate, 
or  else  it  is  there  as  ammonium  carbonate,  which  is  sometimes  ad- 
ded to  baking  powders,  because  it  is  volatile  when  heated  and  aids 
in  raising  the  bread.  It  is  not  a  good  thing  to  have  in  our 
food. 
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THE  CONSUMPTION  OF  BAKING  POWDERS. 

It  is  estimated  that  the  people  of  the  United  States  consume 
more  than  one  hundred  millions  of  pounds  of  baking  powders  an- 
nually, and  that  the  cost  of  this  probably  amounts  to  more  than 
twenty-five  millions  of  dollars.  The  United  States  undoubtedly 
heads  the  list  of  nations  in  the  quantity  of  baking  powders  con- 
sumed. This  fact,  together  with  the  small  attention  given  to  food 
laws,  and  food  inspection,  whereby  improper,  unwholesome  and 
adulterated  foods  may  be,  and  are  openly  sold  in  our  markets,  pos- 
sibly has  a  close  connection  with  the  cause  which  leads  to  this  na- 
tion being  spoken  of  as  the  "nation  of  dispeptics."  I  think  it  may 
be  said  that  no  baking  powder  is  without  harm  to  all  classes  of  peo- 
ple, and  that  bread  leavened  with  yeast  is  best  for  general  use. 
If  it  is  not  convenient  to  have  bread  prepared  without  using  baking 
powder,  then  that  class  of  powder  should  be  selected  which  will 
prove  least  objectionable- 
It  may  be  well  not  to  depend  upon  one  class  of  powder  for 
constant  use,  but  select  two  and  use  them  alternately. 


OUR  NEED. 

Until  the  physiological  actions  of  the  products  left  in  bread 
from  the  various  classes  of  powders  are  better  understood,  it  is  not 
possible  to  set  a  standard  for  baking  powders.  One  thing,  never- 
theless, can  and  should  be  done,  either  by  the  State  or  National 
Govenment.  That  is,  make  it  possible  for  every  purchaser  of  bak- 
ing powders  to  know  just  what  he  is  paying  his  money  for.  This 
can  be  provided  for  by  requiring  every  package  of  baking  powder  to 
bear  on  its  label  the  kind  and  quantity  of  ingredients  used  in  its 
preparation.     As  much  is  done  for  the  farmer  when  he  goes  to 

purchase  food  for  his  cotton ;  shall  his  children  not  receive  as  much 
consideration?  If  this  is  done,  it  will  not  be  long  before  people 
will  enlighten  themselves  as  to  the  nature  of  these  powders  which 
they  now  blindly  use  in  their  daily  bread,  and  they  will  exercise 
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more  care  in  selecting  them.  It  might  also  be  expected  that  those 
intereisted  in  the  manufacture  of  the  different  classes  of  powders, 
would  find  a  means  of  learning  whether  or  not  any  of  the  sub- 
stances, now  used  in  the  manufacture  of  these  powders,  leave  pro- 
ducts in  the  bread  which  render  their  use  dangerous  to  the  public 
health. 
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SOME  CITRUS  TROUBLES. 

REMARKS. 

The  severe  freeze  of  February,  1899,  following  upon 
that  of  1894-95,  just  when  many  orange  groves  had  been 
brought  again  into  bearing  condition,  has  led  to  the  aban- 
donment, for  the  time  being,  of  a  large  number  of  groves 
in  the  more  exposed  portions  of  the  State,  and  to  renewed 
activity  in  sections  removed  from  the  detrimental  effects  of 
frost.  So,  while  there  has  been  a  falling  off  in  the  citrus 
industry  in  certain  localities,  the  new  life  which  has  been 
infused  into  it  in  others  will  shortly  place  it  upon  as  stable 
a  basis  as  that  on  which  it  stood  a  few  years  ago.  Groves 
that  had  been  previously  neglected,  or  at  least  cared  for  in 
only  an  indifferent  sort  of  way,  are  being  put  into  shape, 
either  by  new  or  old  owners,  and  young  groves  are  being 
extensively  planted.  Consequently  more  interest  is  being 
awakened  in  all  those  things  which  pertain  to  the  health  of 
the  orange  tree,  and  there  is  a  constant  demand  for  infor- 
mation relative  to  the  successful  treatment  of  citrus  diseases. 

Foot- rot,  die-back,  and  sooty  mold  are  the  sources  of 
greatest  injury  to  the  citrus  industry  to-day.  The  latter  is 
a  particular  drawback  in  certain  localities,  and,  while 
oranges  sold  briskly  this  season  at  from  S2  to  $2.50  per  box 
on  the  tree,  it  must  be  borne  in  mind  that  with  a  greater 
increase  in  product,  a  more  discriminating  market  will 
result,  and  more  care  must  needs  be  exercised^in'producing 
<;lean,  bright  fruit.  The  quality  of  Florida's  product  is 
high,  and  a  strong  effort  should  be  put  forth  to  maintain 
and  elevate  the  standard  of  excellence. 

With  the  object  in  view  of  helping,  in  some  slight 
measure,  the  orange  growers  and  those  who  have  to  face 
the  problems  of  grove  raising,  many  of  them  for  the  second 
or  third  time,  trips  have  been  made  to  various  parts  of 
Florida,  and  the  results  of  my  observations,  together  with 
what  knowledge  could  be  gained  from  many  other  sources, 
are  here  set  forth.  Many  favors  have  been  shown  me  by 
those  engaged  in  the  growing  of  citrus  fruits  throughout 
the  State,  and  to  them  my  obligations  are  here  expressed. 
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To  the  Hon.  Geo.  W.  Wilson  my  thanks  are  due  for  his 
kindness  in  placing  at  my  disposal  all  the  volumes  of  the 
Florida  Dispatch  and  of  the  Farmer  and  Fruit  Grower^ 
both  as  published  separately  and  consolidated. 

This  bulletin  is  intended  to  be  the  first  of  a  series 
relating  to  the  orange  industry. 
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FOOT-ROT. 

The  name  given  above  is  the  one  under  which  the 
disease  is  commonly  known  in  Florida.  In  Italy  it  is 
called  "Jkfa/  di  Ooma,^'  while  in  Calif <irnia  it  usually  goes 
by  the  name  of  "gum  disease."  So  far  as  known  it  is  found 
in  nearly  all  the  citrus  districts  of  the  world,  and  its  history 
in  Europe  extends  back  to  about  1845.  It  worked  destruc- 
tion in  the  gloves  of  the  Azores  some  years  previous  to 
that,  and,  in  fact,  it  seems  to  have  first  been  noted  there. 
When  it  made  its  appearance  in  Florida  is  not  definitely 
known,  but  in  1888  Dr.  A.  H.  Curtis^  referred  to  it  as 
follows:  "The  disease  of  orange  trees,  commonly  known 
as  "foot-rot,"  seems  to  have  made  its  first  appearance  in 
Florida  about  twelve  years  ago.  Few  persons,  however, 
remember  to  have  observed  it  earlier  than  the  year  1880.'* 
Dr.  T.  W.  Moore,*  writing  in  1881,  states:  "Two  other  dis- 
eases have  of  late  years  shown  themselves  in  Florida,  and 
occasioned  great  fear  and  trouble  among  the  orange  growers. 
One  is  known  as  *f oot-rot.  * "  •  In  the  Florida  Dispatch- 
Fanner  and  Fruit  Grower,  one  of  the  foremost  horticul- 
tural papers  of  the  State,  now  incorporated  with  the  Times- 
Union  and  Citizen^  Mr.  T.  S.  Coogler,^  of  Brooks ville,  Fla., 
makes  the  following  statement:  **When  I  first  began  the 
growing  of  citrus  trees  in  this  county  (Hernando)  in  1867, 
there  was  no  such  thing  known  as  foot-rot,  and  if  it  then  ex- 
isted it  was  wholly  unnoticed.  The  year  1 878  was  a  very  wet 
one,  for  it  rained  almost  continually  during  the  entire  year. 
*  *  *  When  the  sap  began  to  flow  in  the  citrus  trees  the 
following  (1879)  spring,  it  was  noticed  that  in  many  trees  it 
exuded  from  the  bark  at  or  near  the  ground,  but  no  one 
paid  any  attention  to  it.  This  was  really  the  commencement 
of  the  foot-rot  in  this  county,  so  far  as  we  can  ascertain.'' 
From  these  references  it  will  be  seen  that  it  has,  in  all 
probability,  been  present  in  the  State  for  a  period  extending 
over  the  last  twenty -four  years. 

iFoot  Rot,  Sore  Skin  or  Qum  Diseases.    Bui.  Fla.  Exp.  Sta.,  2:29-85.  My.  and  Je.  1888. 
•Diseasesto  which  the  oranfi^  tree  and  fniit  are  liable,  and  their  remeiJies.    Treat, 
and  Handbook  of  Orange  Cult.,  128-I8S,  1881. 

sFoot  Rot  AttackinfiT  the  Sour  Stock.    Fla.  Dis.-Far.  and  Fr.  Or.,  3  XLV  891  N.  1891. 
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Previous  to  the  freeze  this  disorder  caused  great 
destruction  in  the  groves  of  northern  Florida;  it  is  still 
found  generally  distributed  throughout  the  sections  where 
orange  growing  is  successfully  carried  on. 

Foot-rot  is  clearly  marked  and  not  likely  to  be  con- 
founded with  any  other  disease.  It  is  confined  to  the  crown 
and  main  roots  of  the  tree,  extending  a  foot  or  so  above  the 
ground  and  downward  along  the  roots.  Its  presence  is 
first  indicated  by  an  exudation  of  gum,  which  forms  in 
drops  on  the  bark  covering  the  diseased  spot  Further 
examination  at  this  time  reveals  a  brownish  coloration  of 
the  outer  cortex  and  a  decayed  condition  of  the  inner. 
The  affected  areas  emit  a  fetid  odor  similar  to  that  from  a 
decaying  orange.  All  plants,  when  attacked  by  a  disease, 
strive  to  overcome  it,  and  this  the  orange  tries  to  do  by 
cutting  off  the  affected  portion  by  a  wall  of  new  tissue 
similar  to  that  formed  around  an  ordinary  wound.  Follow- 
ing this,  the  bark  covering  the  spot  dries  up,  breaks  away 
from  the  adjoining  parts,  and  drops  off.  The  wood  is  then 
found  to  be  decayed  for  a  sljort  distance  beneath. 

Though  the  tree  still  continues  to  bear  fruit,  its  appear- 
ance is  far  from  healthy;  the  leaves  become  yellow,  the 
twigs  and  young  branches  die,  and  the  whole  tree  assumes 
an  unthrifty  appearance.  Where  the  affected  tree  can  be 
seen  from  a  distance,  it  stands  out  in  marked  contrast  to  its 
neighbors. 

Fortunately  all  varieties  of  citrus  stock  are  not  in 
the  same  degree  subject  to  this  dreaded  disease.  In 
order  of  foot-rot  resistance  they  stand  about  as  follows: 
Sour  orange.  Citrus  bigaradia;  pomelo,  C.  decumana; 
rough  lemon,  C.  sp, ;  lemon,  C.  limonum;  sweet  orange, 
C,  aurantium.  Roughly,  we  may  class  the  first  three  as 
decidedly  resistant,  the  last  two  as  very  much  subject  to 
the  disease.  It  is  preeminently  a  disease  of  the  sweet 
stock.  We  are  unable  to  place  C.  trifoliata  definitely,  but 
would  venture  the  opinion  that  it  possesses  considerable 
merit  in  power  of  resistance  as  well  as  in  so  many  others. 

Cattle-penning;  deep-setting;  a  wet,  soggy -soil  condi- 
tion; the    use    of    rank,    organic    nitrogenous    fertilizers: 
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planting  in  localities  underlaid  with  hard-pan;  faulty  drain- 
age; a  shaded  condition  of  the  soil,  and  many  similar  cir- 
cumstances and  practices  have  been  given  as  the  cause  of 
foot-rot  While  it  is  not  probable  that  the  disorder  is  due 
to  any  of  these,  there  is  no  doubt  that  they  have  a  delete- 
rious effect  on  the  general  health  of  the  tree,  and  so  act  as 
a  predisposing  cause.  A  healthy,  vigorous  tree  has  all  the 
chances  in  its  favor  for  withstanding  the  inroads  of  disease, 
and  any  decrease  in  its  vitality  simply  gives  its  enemies  an 
opportunity  to  gain  a  foot-hold. 

The  specific  cause  of  the  disease  is  still  in  doubt,  but  it 
is  probably  due  to  i«ome  form  of  vegetable  parasite.  Prof. 
Giovanni  Brioze,*  in  1878,  found  a  fungus,  Fusisporium 
limonii,  constantly  associated  with  the  disorder,  but  was 
not  certain  as  to  whether  it  was  the  specific  cause  or  not. 
Regarding  it  he  states:  ''But  that  its  presence  ought  to 
accelerate  the  disorganization  of  the  tissue  and  contribute 
to  extend  the  evil,  I  think  I  see  without  any  doubt." 

As  pointed  out  above,  there  are  many  conditions  which 
bear  an  important  relation  to  foot-rot,  and  a  brief  discus- 
sion of  some  of  these  will  not  be  out  of  place,  (a)  Cattle- 
penning  and  pasturing,  so  often  resorted  to  for  the  purpose 
of  fertilizing  the  groves,  is,  to  say  the  leasts  a  questionable 
practice.  The  sharp  hoofs  of  the  animals  cut  and  bruise 
the  bark  on  the  crown  roots,  and  thus,  through  their 
agency,  this  possibly  parasitic  disease  may  be  more  rapidly 
carried  from  affected  to  unaffected  trees.  Then,  too,  the 
rank  manure  may  act  injuriously,  and  there  is  no  doubt 
that  there  are  better  means  for  supplying  the  requisite 
plant  food  than  this.  In  fact,  we  believe  that  the  best 
orange  is  produced  in  Florida  by  the  judicious  use  of  com- 
mercial fertilizers.  (6)  Close  planting  is  often  resorted  to 
as  a  means  for  shading  the  ground.  A  moist  or  damp  con- 
dition of  the  soil  is  produced  about  the  tree,  which,  in  our 
warm  Florida  climate,  is  exactly  suited  to  the  development 
of  disease.  It  would  be  decidedly  better  to  provide  a  sur- 
face mulch  either  by  the  growing  of  leguminous  crops  or 

^ntomo  al  Mai  di  Qoma  Delg^  Agn^^mi.  Statzione  Chlmico-Afrrsia  Speiimentale  Dl 
Roma.  pp.  1-16.  p<.  i.  1878.  cEstrattodtl  Vol.  11,  Series  8a  Atti  della  R.  Academiadei 
Lincei. 
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by  providing  a  mulch  of  leaves  and  leaf -mold.  Air  would 
then  be  freely  admitted,  and  the  sunlight,  one  of  the  best 
germicides  we  have,  would  be  allowed  to  reach  the  soil. 
(c)  The  piling  of  rubbish,  old  tin  cans,  palmetto  roots,  etc., 
about  the  trunks  of  trees  is  to  be  strongly  condemned. 
Where  a  mulch  of  leaves  or  grass  is  placed  close  to  the 
trunks  it  should,  from  time  to  time,  be  removed  to  allow 
the  soil  to  dry  out  on  the  surface,  (d)  Strict  attention 
should  be  paid  to  drainage,  that  no  stagnant  water  be 
allowed  among  the  trees.  A  soggy,  ill-drained  soil  is  not 
conducive  to  the  health  of  an  orange  tree. 

Remedies, — These  consist  in  removing,  as  far  as  possi- 
ble, the  detrimental  conditions  to  which  reference  has  just 
been  made,  and  particular  attention  should  be  paid  to 
everything  conducive  to  the  health  of  the  grove. 

Carefully  remove  the  earth  from  about  the  tree,  avoid- 
ing injury  to  the  healthy  roots.  With  a  sharp,  strong  knife, 
cut  out  all  the  diseased  tissue  down  to  the  healthy  wood. 
Burn  the  material  removed.  With  a  brush,  paint  the 
freshly  cut  wood,  using  one  of  the  following  solutions: 

1.  Carholineum  Avenarius.* 

2.  Crude  carbolic  acid  and  water  in  equal  parts. 

3.  Sulphurous  acid  and  water,  three  of  the  former  to 
seventeen  of  the  latter. 

4.  Lime,  crude  carbolic  acid,  and  salt  Slake  one  peck 
of  lime  in  two  gallons  of  water  and  add  crude  carbolic  acid, 
four  ounces;  salt,  three  pounds.  If  too  thick,  add  a  little 
more  water. 

Leave  the  earth  removed  until  such  time  as  the  tree 
has  recovered,  and  then  it  would  be  better  to  fill  in  with 
fresh,  porous  earth.  In  close-planted  groves  remove  a 
sufficient  number  of  trees  to  let  the  light  reach  the  ground. 
These  can  be  set  out  in  another  plot  of  ground.  Disinfect 
cultivators,  plows  and  harrows  with  carbolic  acid  after 
using  them  in  diseased  groves,  and  before  use  among 
healthy  trees.  As  a  preventive  measure,  use  resistant 
stocks  as  already  indicated,  and  where  trees  have  died  out, 


*A  funf^lclditl  andlBsectfcidal  co-npound,  used  also  as  a  wood  preaervatlve. 
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re-set  with  others  budded  on  sour  orange,  pomelo  or  rough 
lemon,  as  the  soil  conditions  render  necessary. 

SCAB. 

This  citrus  disease  has  been  known  in  Florida  for  the 
past  fifteen  years  or  more,  having  been  observed  first  on 
the  sour  orange,  C  bigaradia.  The  bitter-sweet  and  lemon 
are  also  very  much  subject  to  the  disease.  This  year  it  has 
been  collected  on  young,  tender  leaves  of  the  pomelo,  C 
decumana,  and  on  the  foliage  of  the  Satsuma,  C.  nobtlifi{?). 
and  Kumquat,  C.  Japonica.  A  large  number  of  youn^ 
Satsuma  trees  badly  affected  by  the  disease  were  found, 
and  the  leaves  showed  that  considerable  damage  had  been 
worked  by  the  fungus  (see  Plate  No.  III).  On  the  Kum- 
quat, only  a  few  diseased  leaves  were  found,  though  several 
hundred  trees  have  been  examined.  It  is  very  probable 
that  on  one  of  the  last-named  varieties  it  was  introduced 
into  Florida  from  Japan,  and,  here  finding  host  plants 
and  climatic  conditions  adapted  to  its  development,  has 
become  a  serious  inconvenience  in  the  successful  growing 
of  certain  citrus  fruits. 

While  the  sour  orange,  wherever  found  in  Florida,  is 
very  badly  affected  by  scab,  little  notice  is  taken  of  the 
disease  on  that  host,  as  it  is  used  principally  as  a  stock  on 
which  to  work  other  varieties,  and  is  usually  cut  off  when 
a  year  or  two  old.  It  is,  however,  a  slight  drawback  in  the 
production  of  healthy,  vigorous  stock.  But  it  is  with  the 
injury  done  to  the  fruit  of  the  lemon  that  we  are  most  con- 
cerned from  an  economic  standpoint.  Lemons,  to  sell  well, 
must  be  perfectly  bright,  clean  and  smooth,  and  when  they 
are  badly  affected  by  this  disease,  they  are  rendered  unsal- 
able. A  rough,  distorted  fruit  finds  no  place  in  our 
markets. 

Scabby  leaves,  twigs  and  fruit  are  very  characteris- 
tically marked  Warty,  corky  elevations  cover  the  surface, 
giving  to  it  an  unsightly,  roughened  appearance.  Ofti^n 
the  leaves  are  twisted  or  drawn  out  of  shape,  and  they  are 
ih  a  considerable  degree  deprived  of  the  power  to  fulfill 
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their  natural  functions,  namely,  respiration,  transpiration 
and  the  assimilation  of  food.  Beneath  the  warts  on  the 
opposite  side  of  the  leaf,  there  is  often  a  well  marked 
conical  depression,  corresponding  to  the  elevation  on  which 
the  excrescence  is  situated.  Under  the  warts  on  the  fruit 
there  is  an  abnormal  thickening  of  the  tissue,  resulting  in 
the  formation  of  somewhat  conical  elevations.  Thus  the 
corky  portions  are  lifted  above  the  normal  level  of  the  rind. 
The  warts  are  at  first  yellowish,  then  grayish,  becoming 
dusky  in  appearance  as  the  disease  advances,  until  they 
become  almost  black,  and  eventually  crack  and  open. 
When  the  excrescences  are  isolated  they  are  minute  and  of 
the  shape  of  a  cone  or  truncated-cone.  Generally,  how- 
ever, they  are  confluent,  presenting  the  appearance  of  a 
bark -like  substance  firmly  attached  to  the  epidermis. 

The  specific  cause  of  the  disease  is  a  minute  parasitic 
fungus,  a  species  of  Cladosporium  described  by  Prof.  F. 
Lamson-Scribner*  in  18SG.  The  spores  are  very  small, 
smoky  in  color,  and  usually  one-  or  two-,  though  sometimes 
three-celled.  They  are  borne  on  brownish  colored  sporo- 
phores  (spore-bearing  filaments).  When  mature  they 
become  detached,  and  through  the  agency  of  the  wind  they 
are  carried  about  from  one  tree  to  another.  They  fall  upon 
the  leaves  of  their  host,  and,  under  favorable  conditions, 
germinate  by  sending  out  a  delicate,  slender  tube,  which 
enters  the  leaves  and  gives  rise,  in  duo  time,  to  the  well- 
marked  diseased  condition. 

Remedies, — The  experiments  carried  out  by  Webber 
and  Swingle'^  have  gone  to  show  that  the  disease  can  be 
successfully  controlled  by  using  one  of  the  copper  spraying 
solutions,  Bordeaux  mixture  or  ammoniacal  solution  .of 
(topper  carbonate.  The  latter  must  receive  the  higher 
recommendation,  as  it  is  less  likely  to  injure  the  tender 
leaves  and  blossoms  of  the  lemon,  but  a  weak  solution  of 
Bordeaux  mixture  is  likely  to  prove  quite  as  efficacious 
without  any  harmful  results. 

iXoteR  on  the   OrnTure-T.eaf  Scab.    Bull.   Topr.    Hot.    Club.    1«:181-188,    Oct.    18SB.  i 

Oranee-Leaf  Scab.  Cliido^iporiuin  sp.,  Kfp.  Myc  Sect  U.  S.  Agric.  Dept.  l6»0,  120-ldl.  pi.  * 

(}.  1887.  J, 

<The  Principal  Diseaaes  of  Citrus  Fruits  in  Florida.    Bui.  Dir.  Path,  and  Phy.  U.  8.  D-  > 

A.,  »:  sJ:i-24.  1896. 
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The  question  at  once  arises,  '*Ani  I  not  likely  to  do 
injury  by  killing  as  well  the  parasitic  species  of  fungi  that 
work  destruction  to  the  various  scales  that  infest  the 
trees?"  This  will  have  to  be  borne  in  mind,  and,  if  neces- 
sary, follow  the  spraying  with  an  application  of  whale-oil 
soap,  kerosene  emulsion  or  resin  wash.  To  prevent  scab, 
spray  three  times.  Give  the  first  application  just  after  the 
petals  have  fallen  from  the  first  blossoms  and  two  others  \ 
inside  the  next  six  weeks.  If  the  disease  gains  ground  on 
the  young  fruit,  further  spraying  will  be  necessary.  Shoots 
of  sour  orange  and  diseased  fruit  should  be  removed  and 
burned. 

Ammoniacal  solution: 

Copper  carbonate,  5  ounces;  ammonia^  3 pints;  water, 
A5  gallons. 

Dilute  the  ammonia  with  five  gallons  of  water  and  add 
the  copper  carbonate.  Use  a  wooden  or  glass  vessel.  Stir 
thoroughly  until  dissolved.  This  will  give  one  ounce  of 
copper  carbonate  to  each  gallon.  For  use,  add  forty  gallons 
of  water,  or,  in  smaller  quantities,  one  gallon  of  mixture  to 
eight  gallons  of  water. 

The  following  mixture  of  Bordeaux  is  recommended: 

Copper  sulphate,  U  pounds;  unslaked  lime,  4  pounds; 
water,  50  gallons. 

Dissolve  the  copper  sulphate  in  twenty  gallons  of 
water.  Slake  the  lime  in  a  small  quantity  of  water;  add 
water  to  make  twenty  gallons.  Mix  the  two  solutions  in  a 
third  vessel  or  in  the  barrel  of  the  spray  pump,  taking  a 
pailful  alternately  from  each  of  the  solutions. 

DIE-BACK. 

This  disease  takes  its  name  from  the  fact  that  the 
young  twigs  and  branches  of  affected  trees  die  back  to  a 
distance  of  from  two  to  eight  inches,  or  even  more,  from 
their  tips.  It  was  first  described  in  the  year  1875  by  J.  H: 
Fowler,^  and  it  seems  to  be  peculiar  to  Florida  conditions. 


1  On  the  Die-back  In  OraoKe  Tre«*H.    rroc.  Fla.  Fr.  Or.  Ai8.,  Ja.  1875. 


158 

In  1873-74  it  was  made  the  subject  of  inquiry  in  several 
letters  to  the  Agricultural  Department  at  Washington. 
One  of  these  we  quote  as  referred  to  by  Mr.  W.  H.  Ash- 
mead*  in  an  essav  written  in  188-1:  "Mr.  W.  F.  White, 
of  Tampa,  wrote  under  date  of  April  15.  1873,  to  the  depart- 
ment as  follows:  "We  have  the  disease  of  the  orange  tree 
known  as  ''die-back."  It  has  lately  appeared  at  this  place. 
We  have  no  underdrains,  but  it  is  equally  as  bad  on  the  pine 
land,  hammock,  or  shell  land.  Some  of  our  trees  are  almost 
killed  by  this  disease,  while  in  other  cases  only  a  few 
limbs  are  injured.  The  trees  once  affected  make  very 
little  growth  afterwards.' '' 

No  citrus  trouble  is  more  widely  distributed  throughout 
the  State  than  die-back.  No  locality  is  exempt  from  it,  and 
no  variety  free  from  its  attack.  Trees,  young  and  old. 
suffer  alike,  and  a  few  trees  have  been  found  affected 
which  were  still  standing  in  the  nursery  rows.  Very  often 
little  notice  is  taken  of  it,  and  it  gradually  works  its  way, 
nipping  off  the  new  growth,  and  the  trees,  in  consequence, 
make  very  little  progress.  Years  of  work  and  much 
capital  are  often  wasted  in  mistaken  efforts  to  bring  agrove 
into  healthy  condition. 

The  disease  is  easily  recognized.  The  young  twigs  die 
back  several  inches.  Irregular,  reddish-brown  elevations, 
at  first  closed,  later  cracked  open  and  filled  with  a  resinous 
substance  make  their  appearance  on  the  small  branches 
and  twigs.  These  vary  greatly  in  length,  height  and 
shape.  Often  elevated  pustules,  filled  with  a  gummy  sub- 
stance, occur  on  the  young  growth.  These  seem,  in  some 
cases  at  least,  to  develop  into  open  ruptures.  Adventitious 
buds  are  frecjuently  produced,  and  those  which  are  not 
smothered  by  the  resinous  exudation  develop,  thus  giving 
^i^e  to  several  branches  from  a  single  node  (see  Plate  No. 
V).  Sometimes  the  only  noticeable  mark  of  the  disorder  on 
a  branch  is  the  presence  of  a  resinous  knot  in  the  axils  of 
the  leaves  where  the   buds  should   be.     Slightly  affected 


aThe  Diseafies  of  the  Orange.    Phh-.  Fla.  Fr.  (Jr.  Ass.,  F.    IHSU.  Copied  in  Fla.  Dis.  4. 
iv.  7»74.  Ja.  1885. 
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branches  have  itften  a  dark,  greasy  ap]it^urance.  The 
small  growth  ia  usually  twisted  and  bent.  On  the  fruit  the 
disease  is  manifested  by  the  presence  of  dark.  browniRh 
blotches  and  by  cracking  or  splitting.  Many  fruits  drop 
off.  As  the  disease  advances  the  trees  try  in  vain  to  throw 
out  new  branches.  Symptoms  become  more  strongly 
marked,  the  tips  of  the  bare,  distorted  branches  protrude 
above  the  dark-green  foliage.  Gradually  the  larger 
branches  are  embraced,  water  sprouts  develop  only  to 
l>ecoine  affected  and  die.     Eventually  the  tree  succumbs. 


Dieback  is  not.  so  far  as  known,  a  fungus  <lisease.  no 
spores  nor  any  thing  i>f  the  sort  having  been  found  con- 
nected with  it.  It  appears  rather  to  be  a  disorder  brought 
about  by  a  variety  of  circunistan«!es.  and  the  external 
marks  of  the  disease  are  to  be  regarded  as  an  indication  of 
a  deranged  condition  of  the  whole  tree.  In  certain  localities 
it  seems  to  be  brought  about  by  the  presence  of  bard-pan  in 
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piroximity  to  the  surface.  Again,  the  condition  seems  to  be 
due  to  a  wet,  poorly  aerated  soil.  But  perhaps  the  mo^t 
prolific  source  of  the  trouble  is  the  use  of  fertilizers  unsuit- 
able to  the  orange  tree.  Now,  whether  we  should  make  a 
distinction  in  die-back  as  induced  bv  these  several  causes, 
it  is  difficult  to  say. 

Many  instances  have  come  under  the  observation  of 
the  writer,  of  the  occurrence  of  the  disease  where  trees 
were  planted  in  ground  previously  used  in  growing  vegeta- 
bles, and  which  was  heavilv  fertilized  with  blood  and  bone 
and  cotton-seed  meal.  Then.  too.  in  son^c-  localities  the. 
spaces  between  the  tree-rows  have  been  used  for  growing 
vegetables,  the  same  fertilizers  applied  as  in  the  cases  just 
mentioned,  and  with  the  snnie  deplorable  effect  on  the 
orange  trees!  The  disease  has  been  observed  in  groves 
regularly  fertifczed  with  rank  nitrogenous  fertilizers,  and 
trees  standing  near  and  receiving  nutriment  from  stables, 
closets  and  hencoops  ate  generally  affected.*  The  general 
conclusion  reached  by  all  observers  during  the  past  fifteen 
years  or  more  has  been  for  the  most  part  to  the  effect  that 
the  excessive  use  of  organic  nitrogenous  fertilizers  will 
cause  die-back,  and  the  matter  has  been  pretty  thoroughly 
discussed  in  the  horticultural  papers  of  the  State. 

Remedies. — These  consist  for  the  most  part  in  removing 
conditions  and  discontinuing  practices  which  induce  ihe 
disease.  Make  a  thorough  study  of  the  soil  and  the 
methods  of  fertilizing.  In  some  places,  with  trees  growing 
on  hard-pan,  the  following  plan  was  adopted  and  they  made 
a  complete  recovery:  The  trees  were  cut  back,  lifted  from 
"the  ground,  the  hard-pan  removed,  either  by  blasting  or 
picking  it  out,  and  the  trees  reset.  The  remedy  for  trees 
growing  in  damp  ground  consists  in  paying  proper  attention 
to  drainage  and  fertilizing.     Tile  or  box  drains  should  be 


♦The  injurious  effects  foUowltij?  certain  practices  adopted  in  luttnurlnf;  orange  trees  in 
the  South  were  early  recognized. 

"The  orange  tree  is  so  averse  lo  much,  and  particularly  fresh  manure,  that  penning  or 
fatteninfi^  cattle  or  horses  amonpr  them,  the  passaj^e  of  foul  srulters  near  them,  or  the 
frequent  use  of  the  \vash-tu'>  under  t'leir  shade,  soon  produce  disease  and  death;  conse- 
q*iently  low,  rich  soiN,  and  abundant  manuring  are  not  favorable  to  thef^rowth  or  quality 
of  the  Bweet  or&n fie. "'—The  South ejni  Farmer  atid  Market  Gardener^  Francis  S.  Holmen. 
Vaje  ICU,    i852. 
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put  in  to  remove  the  water  and  allow  the  air  to  enter. 
Where  the  disease  has  been  brought  about  by  the  use  of 
fertilizers,  as  before  indicated,  discontinue  their  use,  discon- 
tinue cultivation,  allow  the  natural  vegetation  to  spring  up 
and  apply  potash  and  phosphoric  acid  as  usual.  Continue 
this  treatment  until  recovery  takes  place;  then  resume 
cultivation  and  fertilization,  using  nitrate  of  soda  or  sul- 
phate of  ammonia  as  a  source  of  nitrogen. 

Quite  a  number  of  growers  have  experimented  with 
Bordeaux  mixture  as  a  cure  for  die-back  and  report  that 
benefit  has  been  derived  from  the  application  of  that  com- 
pound, even  whore  no  alteration  was  made  in  the  fertilizer. 
On  February  22,  1900,  a  number  of  trees  were  examined  in 
a  young  grove  belonging  to  Mr.  Harrington,  of  Winter 
Haven,  Fla.  These  trees  had  been  very  badly  affected 
with  the  disease  and  were  sprayed  about  September  1,  1899, 
and  again  January  1,  1900.  The  mixture  first  applied  was 
quite  strong,  six  to  twenty-two;  the  second,  four  to  twenty- 
two.  The  leaves,  young  growth  and  flower  buds  were 
uninjured  by  the  second  application.  Since  the  first  treat- 
ment the  trees,  in  many  cases,  made  an  apparently  healthy, 
new  growth  of  nearly  two  feet.  No  new  growth  had  sur- 
vived for  months  before.  Whether  we  are  to  regard  Bor- 
deaux mixture  as  a  remedy  is  yet  in  doubt,  but  it  is  worthy 
of  a  trial.     Better  to  use  a  one  to  ten  solution. 

SOOTY  MOLD. 

Sooty  mold,  Meliola  Camellice  (Catt,)  Sacc,  is  widely  dis- 
tributed throughout  the  State.  It  occurs  as  a  sooty-black 
covering  on  the  leaves,  fruits,  and  twigs  of  many  plants,  and 
is  intimately  associated  with  various  insects  belonging  to  the 
families  Aleyrodidce,  Coccidce  and  AphididcE.  In  Florida 
it  follows  Lecanium  olece  on  Nerium  oleander  and  Persea 
Carolinensis;  Aphis  gossypii  on  the  orange,  egg-plant,  and 
many  other  herbs,  shrubs,  and  trees;  Lecanium  hesperidium, 
Ceroplostes  Floridensis  and  Aleijrodes  cilri  on  the  orange. 
In  short,  it  may  be  said  that  it  is  found  with  all  the  scale 
and  allied  insects  which  exude  honey -dew  in  any  consider- 
able quantities. 
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The  fungus  is  a  saprophyte,  and  is  dependent  upon  thiK 
honey -dew  for  its  sustenance.  The  insects  already  referred 
to.are  ^egarlous  in  their  habits.  Consequently,  the  honej- 
dew  accumulates  in  considerable  quantities  on  various  parts 
of  the  plant,  and  in  this  substance  the  fungus  lives.  The 
black  covering  is  composed  of  its  vegetative  threads.  A 
number  of  different  kinds  of  reproductive  bodies  are  pro- 


Soolymold  litreiitly  enlarnwli,    1.  Mycellumor  rungal  threads:  *.  OonMiat  S.  P>coi- 
<)li.  with  Immature  sporm      I  Drawliii  by  Mlsa  L.  McCulloch.) 

duced,  and,  through  the  agency  of  the  wind,  are  carried 
about  from  tree  to  tree.  Wherever  suitable  food  material  is 
found,  there  the  fungus  develops. 

It  is  when  it  follows  the  attacks  of  the  white-fly  or 
mpaly-wing.    Aleyrodes  citri.   that    the   fungqs   most   fre- 
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quently  causes  damage  in  the  orange  groves.  This  insect 
spends  a  great  portion  of  its  life  on  the  under  side  of  the 
leaves.  The  honey -dew  exuded  by  it,  falls  upon  the  upper 
sides  of  the  leaves  beneath,  and  upon  the  twigs  and  fruit. 
Whole  groves  are  to  be  seen  in  the  State  to-day,  the  trees  in 
which  have  their  leaves  completely  covered  by  Meliola. 
The  trees  from  a  distance  appear  as  though  they  had  been 
coated  with  a  liberal  application  of  stove-black. 

Sunlight  is  necessary  to  the  leaves  of  a  tree  in  order  that 
they  may  carry  out  their  work  in  the  plant's  economy.  The 
black  screen  of  fungal  threads  prevents  the  light  from 
reaching  the  leaves.  Their  natural  functions  are  interfered 
with  and  the  tendency  is  to  keep  the  tree  in  an  unhealthy 
condition.  Often  the  yield  of  bearing  trees  is  greatly  less- 
ened as  a  direct  consequence. 

However,  the  immediate  damage  is  to  the  crop.  The 
stem  end  of  the  fruit  becomes  covered  by  the  mold;  it  colors 
irregularly  and  is  often  unfit  for  market.  Various  methods 
are  used  to  remove  the  sooty  covering  from  the  oranges. 
Some  use  a  lidless  box.  Over  the  open  side,  a  piece  of  coarse 
sack-cloth  or  canvas  is  stretched  and  on  this  cross-cut  saw- 
dust is  scattered.  The  oranges,  one  or  two  at  a  time,  are 
taken  and  ground  about  on  this  until  the  soot  is  removed. 
Another  machine  consists  of  a  hollow  clinder,  mounted  on 
stationary  posts,  and  having  a  crank  attachment  This  is 
partially  filled  with  oranges  and  sawdust  and  revolved  until 
the  fruit  is  bright.  Washing  with  a  cloth  or  brush  is  also 
resorted  to,  and  some  simply  use  a  dry  brush.  Often,  how- 
ever, the  oranges  appear  on  the  market  with  the  mark  of 
mold  upon  them.  This  is  particularly  the  case  if  the  fruit  is 
in  any  wise  rough-skinned,  the  fungal  threads  still  remain- 
ing in  the  depressions. 

The  additional  cost  of  harvesting  and  marketing  a  crop 
of  oranges  is  very  considerably  increased  and  the  fruit  can 
not  help  but  suffer  to  some  extent  f rorrt  the  harsh  treatment 
it  often  receives.  Oranges  have  been  noticed  which  had 
been  so  vigorously  cleaned  that  the  epidermis  had  been  torn 
and  the  oil-glands  of  the  rind  laid  open.     This,  together  with 
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the  injury  occasioned  by  bumping  the  fruit  about,  is  certain 
to  impair  the  keeping  qualities. 

Remedies. — These  consist  of  such  treatments  as  will 
destroy  the  white-fly  ;  that  accomplished,  the  sooty  mold  no 
longer  having  food  in  which  to  develop,  will  disappear. 

There  are  certain  natural  agencies  at  work,  which  tend 

to  keep  the  Aleyrodes  in  check.  Professor  Webber*  made  an 
exhaustive  study  of  these  a  few  years  ago,  the  results  of 
which  were  published  as  a  bulletin.  Aschersonia  aleyrodis 
Web.,  and  the  brown  fungus  are  the  ones  which  have 
attracted  much  attention,  and  were  it  not  for  these  two  fungi, 
the  white-fly  would  cause  much  more  injury  than  it  does. 
The  former  is  characterized  by  its  pinkish  or  cream  color 
and  circular  elevated  form;  the  latter  by  the  brownish,  mem- 
branous covering  that  envelops  the  insect.  In  fact  the  red 
scale,  Aspidtotus  ficuSj  is  sometimes  mistaken  for  the  white- 
fly  covered  with  the  brown  fungus.  Both  these  friends 
are  no  mean  help  against  the  white-fly,  and  from  careful 
observations  in  a  number  of  groves,  the  writer  is  inclined  to 
place  a  very  high  estimate  upon  their  work.  But  these 
natural  agencies  should  not  be  depended  upon  entirely.  It 
has  been  observed  that  the  fly  often  has  free  scope  in  a  grove 
for  two  or  three  years  before  the  fungi  get  it  under  control, 
and  the  opinion  is  ventured  that  never  until  the  matter  is 
earnestly  taken  in  hand  by  the  growers,  will  the  white-fly  be 
controlled,and,  even  then,  eternal  vigilance  will  be  the  price  of 
freedom  from  the  pest.  It  is  here  to  stay,  and  should  receive 
more  attention  than  it  does. 

This  brings  us  to  the  question,  **Shall  I  fumigate  with 
hydrocyanic-acid  gas  or  spray  with  kerosene  emulsion  or 
resin  wash?"  The  main  objection  to  spraying  is  that  it  is 
extremely  difficult  to  reach  every  portion  of  the  tree  and 
this  is  more  particularly  difficult  on  account  of  the  dense  top 
that  is  usually  left  on  the  orange  trees.  In  order  to  receive 
the  full  benefit  from  spraying,  it  would  be  necessary  to  open 
up  the  heads  of  many  of  the  trees  and  other  benefits  would 
be  derived  as  well.     Every  insect  must  be  reached  in  order 

♦S'wty  Mold  of  the  Oran^re  and  lis  Treatment.    Bui.  Div.  Pliy.  and  Path.  U.  8.  D.  A.. 
18,  1897. 
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to  destroy  it.  But,  with  sufficient  care,  the  work  may  be  so 
thoroughly  done  as  to  effectually  check  the  insects  for  the 
time.  Fumigation  has,  with  many  insects,  proven  to  be  the 
most  efficacious  method  of  treatment.  Hydrocyanic-acid 
gas  is  extremely  deadly  to  nearly  all  adult  forms  of  insect  life, 
and  it  has  proven  to  be  so  to  the  white-fly  in  the  pupa  state. 
It  is  only  recently  that  this  treatment  has  been  given  a  trial 
in  Florida  by  the  Experiment  Station.  Work  has  been 
undertaken,  and  will  continue  under  the  supervision  of  Prof. 
Gossard,*  the  Station  Entomologist,  and  since  the  solution 
of  the  problem  relating  to  the  destruction  of  insect  life  by 
these  means  belongs  more  properly  to  his  department,  we 
shall  look  to  him  for  further  information. 
Resin  wash : 

20  lbs,  resin,  ->'  1-2  lbs.  98 per  cent,  caustic  soda,  2  1-2 pints 
fish  oil. 

Place  the  three  ingredients  in  a  large  kettle  and  pour 
over  them  about  twenty  gallons  of  water.  Boil  for  two  or 
three  hours  and  gradually  increase  the  amount  to  fifty  gal- 
lons by  the  addition  of  wash.  For  use  add  100  gallons  of 
water,  or  if  a  small  portion  is  required,  preserve  the  same 
proportions.  Stir  thoroughly  before  removing  any  from  the 
stock  solution. 

*  *  Coccidaecide,"  a  resin  compound  manufactured  by  E. 
Bean,  Jacksonville,  Florida,  has  been  very  successfully  used 
by  many  growers  in  place  of  resin  wash.  This  preparation 
is  no  longer  on  the  market,  but  it  is  likely  that  those  who 
desire  to  use  it  will  be  able  to  procure  it  before  the  end  of  the 
year. 

Kerosene  Emulsion. 

Hard  or  whale-oil  soap  o  lbs.,  water  10  gallons,  kerosene 
20  gallons. 

Shave  the  soap  into  small  pieces  and  dissolve  in  ten  gal- 
lons of  boiling  water.  Remove  a  distance  from  the  fire,  and 
while  still  boiling  hot,  add  twenty  gallons  of  kerosene. 
Mix  with  a  spray  pump,  forcing  it  back  into  itself  a  number 
of  times. 


«FumirAtlon  for  White-Fly  and  Rust  Mite«,  Semi- Weekly  Times-Uuion  and  Citizen. 
March  2, 1900. 
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Spray  with  either  resin  wa^^h  or  kerosene  emulsion 
several  times  during  the  dormant  season.  The  spray  should 
\ye  directed  so  as  to  strike  the  lower  sides  of  the  leaves. 

Fumigation  : 

Potassium  cyanide,  water,  commercial  sulphuric  acid. 

The  following  amounts  for  different-sized  trees  are  given 
as  figured  by  Mr.  J.  Scott,  horticultural  commissioner  of  Los 
Angeles,  California  : 

Height  of  ti^e,./,\'*jJJ«j^f/_  Water        Sulphuric  acid    J^l^ilh,™ 
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The  tree  is  covered  with  a  tent,  the  chemicals  are  placed 
beneath  and  left  for  forty  minutes.  A  glass  or  earthen- 
ware container  is  used,  and  when  in  position  beneath  one 
side  of  the  tent  the  water  is  placed  in  the  vessel  first,  then 
the  acid,  and  last  the  cyanide  of  potassium  is  quickly  drop- 
ped in,  the  tent  being  lowered  immediately.  If  the  tents  are 
used  during  the  day,  they  must  be  painted  black,  as  the  sun- 
light acts  injuriously  in  helping  to  scald  the  leaves.  The 
trees  should  be  as  free  as  possible  from  moisture,  as  water  is 
capable  of  absorbing  large  quantities  of  the  gas,  and  beneath 
drops  of  water  the  insects  are  uninjured.  It  should  be 
borne  in  mind  that  hydrocyanic -acid  gas  is  extremely 
poisonous. 

To  give  a  rough  idea  of  the  (^ost  of  the  tents  and  chem- 
icals required  in  fumigation,  the  following  excerpt  from  a 
letter  received  from  Mr.  C.  P.  Fuller,  of  EUenton.  Fla.,  is 
inserted  :  "The  sulphuric  acid  costs  in  New  York  2  cents 
per  pound,  and  the  carboy  costs  81.75.  When  empty,  the 
carboys  can  be  returned  at  cost,  less  freight  returning. 
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The  cyanide  of  potassium  costs  32 i  cents  per  pound  in 
New  York.  The  freight  on  both  of  the  above  articles  is  vei  y 
high,  2  cents  per  pound  or  more.  As  I  ordered  my  tarpau- 
lins hurriedly,  I  got  them  ready  made  from  Montgomery 
Ward  &  Co.  of  Chicago.  I  think  it  would  be  better  to  have 
some  made  of  an  octagon  shape. 

I  paid  in  Chicago  : 

18x20  feet  tarpaulins,    $5.50  each 

24x50     ''  *•  17.70     ••      J 

You  will  have  to  add  to  these  prices  the  cost  of  oiling, 
which  is  20  to  30  per  cent,  of  the  cost  of  material,  unless  you 
use  the  cactus  juice." 

BLIGHT. 

Blight  is  the  most  dreaded  of  all  the  citrus  diseases  in 
Florida.  When  it  was  first  noticed  is  not  definitely  known, 
but  it  has  been  a  source  of  trouble  in  the  orange  groves  for 
a  number  of  years.  Many  of  the  groves  in  which  it  once 
worked  havoc  have  disappeared,  having  been  frozen  out. 
Previous  to  1895,  it  became  so  prevalent  that  it  threatened 
totally  to  destroy  the  citrus  industry  in  certain  districts,  and, 
at  the  urgent  request  of  the  State  Horticultural  Society, 
agents  were  sent  to  Florida  by  the  Agricultural  Department. 
Prof.  L.  M.  Underwood  made  a  trip  through  the  State  in 
order  to  find  what  were  the  chief  questions  to  be  investi- 
gated. In  1891,  Dr.  Erwin  F.  Smith  studied  the  disease  for 
some  time,  and  later  Professors  Webber  and  Swingle  were 
stationed  in  the  section  where  blight  was  prevalent. 

Though  many  of  the  affected  groves  were  cut  off  in  the 
great  freeze,  still  it  is  to  be  found  in  the  State,  blighted  trees 
having  recently  been  found  in  three  different  localities. 
Thus  far  in  no  one  of  them  had  it  caused  any  serious  dam- 
age, but  its  further  effects  are  to  be  feared,  because,  so  far  as 
known,  it  is  incurable. 

Blighted  trees  appear  as  though  suffering  from  drought, 
or  in  a  manner  similar  to  ones  recentlv  set  out.     The  leaves 
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wilt,  and  droop  and  finally  drop  off.  In  some  cases  the  dis- 
ease works  very  rapidly,  in  others  its  progress  is  decidedly 
slow.  It  often  manifests  itself  on  a  single  branch  and  from 
that  gradually  spreads  over  the  whole  tree.  Trees  affected 
in  this  way  live  for  a  considerable  length  of  time.  On  the 
other  hand,  it  may  act  very  rapidly;  for  instance,  on  one 
tree  the  disease  commenced  in  a  definite  area  on  one  side  of 
the  top  and  quickly  spread  both  ways  round  the  head,  meet" 
ing  on  the  opposite  side.  The  tree  in  this  case  quickly  suc- 
cumbed. Usually,  however,  new  shoots  are  put  out,  which 
grow  well  for  a  time,  but  later  yield  to  the  disease. 

Up  to  this  time  the  cause  of  blight  remains  unknown. 
It  appears  among  old  bearing  trees,  which  are  well  cared  for 
in  every  way,  and  which  up  to  the  time  of  attack  are  appar- 
ently in  perfect  health;  therefore,  it  cannot  be  assigned  to 
anv  external  cause. 

Remedies, — The  key  to  the  successful  treatment  of  any 
plant  disorder  is  to  know  the  cause  and  nature  of  the 
ailment.  This  has  not  yet  been  found.  Furthermore,  my 
observations  have  gone  to  confirm  those  of  others,  that 
the  disease  is  likely  to  spread  from  one  tree  to  another. 
Trees  once  affected  rarely,  if  ever,  survive,  and  the  best 
treatment  is  to  dig  out  and  burn  the  affected  ones  and  place 
others  in  their  stead.  This  is  the  most  economical  plan  as 
well,  because  affected  trees  never  repay  the  time  and  trouble 
taken  with  them. 

MELANOSE. 

This  disease*  was  first  described  by  Swingle  and  Webber 
and  given  the  above  name  in  189C.  It  was  at  that  time 
found  on  trees  in  the  region  of  Citra  and  to  some  extent  in 
other  parts  to  the  south  of  that  place.  This  season  it  has 
been  collected  in  several  places  in  south  Florida,  but  only  in 
one  locality  was  the  disease  prevalent,  and  two  groves  com- 
posed of  sweet  oranges,  tangarines  and  pomeloes  were  badly 
affected. 


*It  has  also  been  reported  from  Australia.    Dr.  Cobb  Ag.  Oaz.  New  South  Wales,  8.  IV 
815. 
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On  the  leaves,  fruit,  and  twigs  of  affected  trees  small 
brownish-black  spots  are  to  be  seen.  These  spots  are  some- 
times separate  and  sometimes  confluent.  Where  separate, 
the  intervening  tissue  is  apparently  quite  normal,  but  where 
confluent  to  any  considerable  extent,  a  brownish  tinge  is 
given  to  the  whole  leaf.  The  spots  are  somewhat  elevated 
and  are  occasionally  found  to  be  cracked  or  fissured  at  the 
apex.  This  is  true  when  on  the  leaves  as  well  as  when  on 
the  fruit.  Under  diseased  trees  large  numbers  of  leaves  are 
found,  showing  to  what  extent  the  disease  has  been  injuri- 
ous. The  disorder  causes  damage  to  the  trees  by  defoliating 
them,  rendering  the  leaves  unable  to  carry  out  assimilative 
processes  for  quite  a  time  before  they  drop,  and  also  in  ren- 
dering the  fruit  unsightly,  because  of  the  irregular  dark- 
colored  areas  which  cover  the  surface. 

Careful  microscopical  examination  has  been  made  of  the 
diseased  spots,  but  nothing  has  been  found  to  which  the 
trouble  might  be  attributed.  It  has  been  suggested  that  it 
may  be  caused  by  some  vegetable  organism,  but  thus  far 
nothing  has  been  found  to  establish  this  fact  beyond  the 
observation  that  the  disease  seems  to  spread  from  tree  to 
tree,  and  the  fact  that  it  yields  to  applications  of  fungicides. 

Remedies, — Experiments  have  shown  that  this  trouble 
may  be  controlled  by  the  use  of  Bordeaux  mixture  in  very 
weak  solution,  one  to  twelve  and  one-half  or  fifteen  used  as  a 
preventive,  not  as  a  curative.  The  dangerous  period  to  the 
fruit  is  while  it  is  still  young.  It  would  be  best  to  commence 
spraying  during  the  dormant  period,  before  the  trees  bloom, 
and  spray  once  a  month  until  the  fruit  is  well  formed;  that 
is,  about  the  month  of  July. 

LICHENS. 

These  plants  are  found  growing  upon  stones,  logs, 
boards,  fences,  and  living  trees  throughout  the  country.  In 
color  they  are  yellow,  green,  reddish,  or  gray.  Their  forms 
are  many  and  varied ;  some  adhere  closely  to  the  substance 
on  which  they  grow  (crustaceous) ;  some  are  branched  and 
elevated  (fruticose) ;  while  others  present  a  rough,  crumpled 
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surface  (foliaceous).  From  the  botanist's  standpoint,  lich- 
ens are  among  the  most  interesting  members  of  the  vege- 
table kingdom ;  they  consist  of  a  fungus  and  an  alga  grow- 
ing together,  each  contributing  to  the  welfare  of  the  other 
(symbiosis).  The  fungus  furnishes  watercontainingfoodin 
solution  and  shades  the  alga,  which,  in  return  for  these  good 
offices,  supplies  the  former  with  the  results  of  its  assimihi- 
tive  processes. 


The  moist,  warm  climate  of  Kloridti  is  an  ideal  one  for 
their  development.  In  many  orange  groves  the  trunks  and 
larger  branches  of  the  trees  are  covered  with  lichens  ;  they 
are  obnoxious  to  the  eye,  and  to  a  certain  degree  detrimental 
to  the  health  of  the  tree.  They  are  ncrt  parasitic,  but  they 
prevent  a  free  interchange  of  gases  througli  the  bark,  thus, 
to  some  extent,  producing  a  condition  detrimental  to  the 
health  of  the  tree:  and  certain  it  is,  they  are  never  so  plen- 
tiful on  healthy,  vigorous  trees  as  upon  those  which  are  in 
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poor  condition.     They  serve  also  as  a  harborage  for  insects 
and  insect  eggs. 

Consequently,  it  is  very  desirable  that  the  trunks  of  the 
trees  should  be  kept  free  from  lichens,  and,  fortunately,  this 
is  easily  accomplished  at  a  very  slight  cost. ;  One  treatment 
every  two  or  three  years,  will  be  suflBcient  to  keep  the  trunks 
in  a  clean,  healthy  condition. 

Remedies. — Lichens  may  be  destroyed  by  spraying  with 
Bordeaux  mixture.  On  the  experimental  grounds  at  Lake 
City,  three  pear  trees  were  thoroughly  sprayed,  January  17, 
with  a  strong  solution  of  Bordeaux,  six  pounds  copper  sul- 
phate, and  four  pounds  Ume  to  twenty  gallons  of  water.  In 
a  very  few  minutes  the  effect  was  noticeable,  the  gray  lich- 
ens having  turned  yellowish  in  color.  The  trees  were 
examined  from  time  to  time,  and  at  the  date  of  writing  all 
lichens  kre  dead,  and  in  most  places  the  foliaceous  varieties 
have  been  partially  removed  from  the  trees  by  the  action  of 
the  rain.  In  applying  such  a  strong  mixture  to  the  trunks 
of  orange  trees,  care  should  be  exercised  that  the  spray  be 
kept  as  much  as  possible  from  young  foliage,  and  the  better 
plan  would  be  to  follow  the  method  adopted  by  Prof.  M.  B. 
Waite*  and  apply  the  mixture  with  a  whitewash  brush. 

The  following  solution  can  also  be  highly  recommended: 

Hard  soap,  crude  carbolic  acid  and  water. 

Dissolve  four  pounds  of  soap  in  ten  gallons  of  water  by 
boiling,  and  while  still  hot,  add  four  pints  of  crude  carbolic 
acid.     Apply  with  a  palmetto  brush.  ^ 

»   -    _ 

LEAF  SPOT. 

Orange  leaves  affected  by  this  disease  were  collected  in 
Florida  at  Green  Cove  Springs  by  Dr.  Martin  in  1886.  Later  it 
was  referred  to  by  Prof.  L.  M.  Underwood  ^  in  1891  as  being 
slightly  injurious  to  orange  leaves  in  Lake  County,  Florida. 
This  year  it  has  been  collected  at  several  points  in  the  State 
and  some  damage  has  been  done  by  it  to  the  foliage  of  citrus 

*  Waite,  M.  B.    Experiments  with  the  Fungicides  in  the  Removal  of  Lichens  from  Pear 
Trees.    Jour  Myc,  7:  264-208.    PI.  SO,  SI.  1893. 

i  Underwood,  L.  M.    Leaf  Spot  (of  Orange).    Jour.  Biyc.,  7,  84-85. 
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trees.  In  one  case  a  number  of  pomelo  seedlings  were  found 
which  were  almost  defoliated  in  consequence  of  their  being 
a.ttacked  by  this  pest 

Lui^e,  somewhat  circular,  yellowish  spots  are  noticed 
on  the  leaves.  Close  examination  reveals  the  presence  of 
minute  dark  dots  scattered  thickly  over  the  discolored  areas. 
These  small,  dark  spots  contain  the  spores  of  a  parasitic 
fungus,  which  is  the  cause  of  the  trouble.    The  sporules  are 


Leavesot  Pomelo  A.ITec(«cl  b;  L«af-8potFuDgru»,  Showing  ChuvcwrMto  Rounded  Spou- 

borne  on  short  filaments  which  are  contained  in  the  brown- 
ish-black conceptacles.  Plate  No.  6  shows  some  of  these 
conidia  and  basidia,  together  with  germinating  spores,  all 
greatly  enlarged. 

This  fungus  has  been  known  under  two  different  names. 
It  was  described  as  Phyllosiicta  adnata  E.  &  M.*  from  the 
specimens  collected  by  Dr.  Martin.     Later  it  was  referred  to 
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the  genus  Colletotrichum  and  named  C.  adustum  E.^  It 
appears,  however,  to  be  identical  with  Colletotrichum  gloeo- 
sporioides  Penz.* 

Remedies. — Apply  ammoniacal  solution  or  Bordeaux 
mixture. 

MOSS. 

The  plant,  variously  known  as  Moss.  Gray  Moss  or  Span- 
ish Moss,  Tillandsia  usneoides  L.  often  becomes  a  pest  in 
orange  groves.  It  is  too  well  known  to  need  description, 
though  it  might  be  stated  here  that  it  is  not  a  moss,  but  is 
closely  related  to  the  pine-apple. 

This  plant  is  an  epiphyte,  dependent  upon  food  received 
from  the  air  and  rain  for  its  nourishment.  It  appears  to 
interfere  with  the  development  of  branches,  leaves  and  fruit, 
and  certainly  prevents  the  free  circulation  of  air.  Trees  of 
any  kind,  when  densely  covered  with  the  Tillandsia's  envel- 
oping festoons,  do  not  have  the  healthy,  vigorous  appear- 
ance of  those  which  are  free  from  it. 


Cuts. 
Tool  for  RemoTinn;  Tlllaodsla. 


The  only  satisfactory  method  of  removal  from  orange 
trees  is  to  pull  it  off  by  hand.  A  tool,  resembling  the  one 
shown  in  the  cut,  is  of  great  assistance  in  removing  moss 
from  the  tops  of  tall  trees.  The  fork-like  portion  is  made  by 
taking  three  pieces  of  No.  6  or  No.  8  wire  and  twisting  them 
together  to  form  a  shank.  The  free  ends,  which  are  four 
inches  long,  are  bent  in  a  short  curve  about  an  inch  from  the 
end  and  given  a  spread  of  about  four  inches.  The  shank  is 
then  inserted  in  a  handle  of  any  convenient  length.  A  light 
bamboo  pole  answers  the  purpose  very  nicely. 

sjour.  Myc,  7.85. 
4  Id.,  Ellis. 
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FOOT  ROT  OF  THE  ORANGE. 
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Plate  IV. 
SCAB  ON  SOUR  ORANGE  LEAVES. 


Plate  V. 
DIE^BACK  OF  THE  ORANGE. 


Plate  VL 
FUNGI  OF  LEAF  SPOT  AND  SCAB. 
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THE  PECAN. 

INTRODUCTION. 

■ 

The  pecan  is  one  of  the  best  of  our  native  nuts:  in  fact, 
as  a  desert  nut,  I  am  inclined  to  think  it  heads  the  list. 
Large  quantities  are  grown  in  the  Southern  States  every 
year,  but  the  crop  is  by  no  means  as  large  as  can  be  grown 
profitably.  In  northern  Florida  to-day  there  are  hundreds 
of  acres  of  land  on  which  the  pecan  can  be  grown  success- 
fully, and  it  is  one  of  the  grove  crops  which  should  receive 
more  attention  than  is  now  bestowed  upon  it.  True,  there 
are  many  trees  and  groves  scattered  throughout  the  north- 
ern and  western  parts  of  the  State,  but  the  industry  has 
by  no  means  reached  the  limit  of  profitable  production. 

On  the  other  hand,  the  pecan  should  not  be  boomed  to 
the  exclusion  of  other  crops,  neither  is  it  advised  that  it  be 
planted  throughout  the  whole  State;  but,  there  is  a  vast 
area  in  which  it  could  be  grown  to  advantage.  In  the 
south,  other  horticultural  crops  can  be  and  are  grown; 
these  should  be  continued.  But  in  northern  and  western 
Florida,  the  pecan  is  as  nearly  reliable  as  any  orcliard  tree 
generally  is,  and,  considered  from  the  standpoint  of  certain 
remuneration,  it  should  be  planted  more  extensively  than 
at  present. 

When  we  consider  the  fact  that  more  than  two  and  a 
half  million  dollars'  worth  of  nuts  were  imported  into  our 
country  last  year,  it  can  readily  be  seen  that  there  is  still  a 
large  demand  which  may,  to  a  very  considerable  extent,  be 
met  by  a  home  product.  Moreover,  this  demand  is  steadily 
increasing,  and  of  nuts  grown  throughout  our  country 
to-day,  whether  native  or  introduced,  none  is  more  worthy 
of  careful  cultivation  than  the  pecan. 

It  is  only  of  late  years  that  it  has  received  the  atten- 
tion, as  a  cultivated  tree,  that  it  so  well  deserves,  and  at 
present  most  of  the  pecan  nuts  come  from  either  Texas  or 
Louisiana,  usually  the  product  of  the  native  forest  trees. 
As  compared  with  other  nuts,  it  ranks  high  in  food  value, 
and  the  kernel  is  particularly  sweet  and  palatable.  The 
following  portion  of  a  table,  copied  from  Bui.  No.  54  of  the 
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Maine  Ag.  Exp.  Sta,  by  Chas.  D.  Woods  and  L.  H.  Merrill, 
may  be  of  interest : 


Edible  Portion 

?: 

% 

2.9 
2.8 
3.7 
3.5 
4.8 
1.6 

EDIBLE    PORTION. 

* 

2 
% 

10.3 
16.7 
15.6 
6.3 
21.0 
30.5 

4J 

% 

70.8 
64.4 
65.3 
57.3 
54.9 
49.2 

GO 

4J 

1    S3 

'% 

14.3 
14.8 
13.0 
31.6 
17.3 
16  2 

1 

CO 

< 

% 

1.7 
1.3 
2.4 
1.3 
2.0 
2  5 

Fuel  Value 
per  Poi 

Pecans,  kernels  .... 
Walnuts,  kernels. . . 
Filberts,  kernels. . .  . 
Cocoanuts, shredded 

% 

100  0 
100.0 
100.0 

Calori 

3445 
3305 
3290 
3125 

Almonds,  kernels..  . 
Shelled  peanuts. . . . 

100,0 
100.0 

3030 
2955 

*  Calculated  from  analysis. 


RANGE  AND  SOILS. 

The  southern  limit  in  successful  culture  in  the  State 
has  been  rather  difficult  to  determine,  as  a  positive  state- 
ment could  only  be  made  after  actually  growing  and  fruit- 
ing the  tree  in  Southern  localities.  Yet  it  has  been  ascer- 
tained that  it  extends  well  into  the  region  within  which 
orange  culture  may  be  successfully  carried  on  under  our 
present  conditions.  At  Oneco,  Fla.,  there  is  a  large,  sym- 
metrical tree  which  Mr.  Reasoner  informed  me  bore  annually 
full  crops  of  nuts.  I  have  seen  thrifty  trees  at  Bartow,  and 
have  been  informed  on  reliable  authority  that  fruit  has  been 
obtained  from  trees  at  Fort  Meade. 

The  statement  is  generally  made  that  the  pecan  will 
succeed  wherever  the  larger  species  of  hickory  are  found 
in  the  State,  and  this  is  doubtless  true,  as  the  pecan  belongs 
to  the  same  family  of  trees  {Jug land acece)  and  to  the  same 
genus  {Car yd)  as  the  hickory.  Unfortunately,  as  yet,  a 
systematical,  botanical  survey  of  Florida  has  not  been  made, 
and  I  am  not  aware  of  the  exact  range  of  the  different 
varieties  of  hickory. 

The  peculiar  conditions  of  soil  and  moisture  surround- 
ing the  pecan  in  its  native  home  might  be  regarded  as  an 
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indication  that  it  could  not  be  grown  except  on  deep,  rich 
soil,  in  proximity  to  rivers,  ponds  or  streams.  Such,  how- 
ever, would  be  a  wrong  inference,  for  it  succeeds  admirably 
and  bears  good  crops  on  a  wide  range  of  soils.  Hence,  we 
find  it  to-day  in  localities  far  removed  from  the  regions  to 
which  it  is  indigenous,  and  thriving  under  conditions  differ- 
ing greatly  from  those  obtaining  in  its  native  home.  In 
Florida  trees  may  be  found  growing  on  soils  ranging  from 
the  black  hammock  to  the  less  fertile  high-pine  lands.  On 
hammock  soils,  however,  the  trees  are  often  inclined  to 
develop  wood  at  the  expense  of  fruit,  while  on  less  fertile 
soils  the  trees  make  less  wood  and  bear  more  fruit  propor- 
tionately. Pecans  thrive  well  on  flat  woods,  one  of  the  best 
proofs  of  which  is  the  Russell  grove  at  Olustee,  Fla.  Moist- 
ure in  sufficient  quantity  must  be  present,  but  it  will  not  do 
to  plant  the  pecan  on  land  that  is  continually  wet  and  soggy. 
The  presence  of  a  hard,  impenetrable  subsoil  doubtless  has 
a  great  influence  upon  the  wellfare  of  the  tree,  and  it  would 
be  better  to  select  other  ground,  or,  when  this  is  impossible, 
to  blast  out  the  hardpan. 

In  relati'on  to  the  question  of  soils,  the  following  notes 
may  be  of  interest:  **I  have  purposely  tried  all  kinds  of 
soil — stiff  black  lands,  in  second  river  bottoms,  subject  to 
occasional  overflow;  sand-ridge  with  no  clay  subsoil;  sandy 
loam  with  clay  subsoil;  chocolate  soil;  pebbly  land  with  clay 
subsoil,  and  stiff  clay  land  with  but  little  top  soil.  I  find 
the  sandy  loam  with  clay  subsoil  the  best,  black  lands  next 
(though  black  lands  grow  too  much  wood  and  do  not  fruit 
as  well  as  some  others).  Pebbly  lands  come  next.  Those 
on  clay  lands  bear  well  and  earlv,  but  the  nuts  are  small. 
Trees  on  the  sand  ridges  are  of  slow  growth  and  longer  in 
coming  into  bearing  than  others,  but  bear  very  good  nuts." 

|(;.  M.  Bacon,  Dewitt,  Georgia,  in  a  letter  d  ited  November  28, 1899.J 

''The  sandy  pine  land  will  produce  them  to  perfection.  "^ 

(J.  B.  Ley,  letter  In  the  Florida  Dispatch,  October  4,  1880  | 

'*  The  pecan  will  grow  on  any  soil  except,  springy,  boggy 
land  where  water  stands  near  the  surface,  or  where  the  soil 
is  underlaid  with  ledge  rock  at  a  slight  depth." 

I  R.  E.  Merry  man.  in  an  article  in  the  Times-Union  and  Citizen,  copied  in  the  Florida  Agrl- 
culturiat,  March  14,  llOO  ] 

''The  pecan  will  thrive  on  dry  land  which  is  good  for 
corn  or  cotton,  and  I  can  show  trees  on  common  pine  land 
as  large  and  thrifty  for  their  age  as  any  grown  on  high  or 
hickory  land.'' 

|J.  K.  Kus-teH,  in  FIoridH  Life,  copied  in  the  Florida  Farmer  and  Fniit-Orower,  p. 828, 1893.1 
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PROPAGATION. 

The  pecan  is  propagated  either  from  the  nuts  or  by 
budding  and  grafting.  The  former  was  the  plan  generally 
adopted  a  few  years  ago,  but  it  is  gradually  giving  place  to 
the  usual  methods  employed  in  the 
propagation  of  fruit  trees. 

There  are  several  decided  objec- 
tions to  raising  a  grove  from  the 
seed  by  planting  the  nuts  where 
the  trees  are  to  stand.  Usually  the 
ground  is  not  so  well  prepared  as 
when  trees  are  planted,  and  such 
nuts  as  survive  the  attacks  of  mice, 
moles  and  ants,  produce  trees  which 
have  to  make  their  growth  under 
rather  unfavorable  circumstances. 
Many  vacancies  occur  even  when 
several  nuts  are  planted  in  a  hill, 
and  the  grove  in  consequence 
often  presents  a  very  irregular 
appearance. 

If  it  is  desired  to  raise  a  grove 
from  seed,  the  very  best  selected 
nuts  should  be  obtained,  for  it  need 
scarcely  be  expected  that  more 
than  fifty  or  sixty  per  cent  of  the 
trees  (and  in  all  probability  less) 
will  come  true  to  the  seed.  Do  not 
plant  them  in  the  field  where  the 
trees  are  to  stand.  Nuts  of  large 
or  medium  size  and  good  quality 
are  rather  expensive,  and,  besides, 
better  developed  trees  and  more 
satisfactory  results  can  be  obtained 
by  adopting  the  following  plan  : 
Thoroughly  prepare  a  seed  bed  as 
for  vegetable  seeds;  have  the  soil  (Drawing  by  Miss  l.  McCuUoch.) 

rich,  deep,  thoroughly  pulverized  and  sufiiciently  moist,  but 
well  drained:  in  this  bed  plant  the  nuts  in  rows  two  and 


Fio.  1.    Germiudtion  of  the  Pecan. 
/,  First  leaves, 
c.  Cotyledons, 
r.  Rootlets. 
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one-half  feet  apart,  placing  the  nuts  on  their  sides,  three 
inches  beneath  the  surface  and  four  or  five  inches  apart. 
They  should  be  planted  soon  after  they  are  ripe;  after  the 

trees  have  appeared  the  nursery 
should  be  cultivated  from  time  to 
time,  and  fertilized  as  for  other 
young  trees,  being  careful  to  scatter 
the  fertilizer  down  the  center  of 
the  space  between  the  rows.  In 
this  way  the  trees  can  be  given 
much  better  and  more  economical 
care  and  attention  than  could  be 
gi  ven  had  the  nuts  been  planted  in 
hills  in  the  field. 

In  regard  to  the  extent  of  varia- 
tion in  pecans  raised  from  seed 
there  is  a  great  diversity  of  opin- 
ion. Writers  place  the  amount  of 
variation  somewhere  between  fifty 
and  one  hundred  per  cent,  but 
whether  these  conclusions  are 
based  upon  actual  observations  or  not  I  am  unable  to  say. 
There  is  doubtless  as  much  tendency  toward  variation  as  is 
found  in  other  fruits.  Some  seedling  trees  may  produce 
better  nuts  than  those  from  which  they  originated,  but  there 
is  just  as  great  a  likelihood  that  the  reverse  may  be  true,  to 
the  disappointment  of  the  owner.  True,  we  may  have  a 
fixed  type,  which  will  bear  true  to  seed,  but,  generally 
speaking,  two  factors  have  to  be  considered— the  innate 
tendency  toward  variation,  and  the  fact  that  the  seed 
represents  the  union  of  two  elements. 

Trees  true  to  variety  can  not  be  obtained  with  certainty 
from  the  nuts,  and  we  must  resort  to  budding  or  grafting 
to  secure  them.  Various  species  of  hickory  other  than  the 
pecan  have  been  used  as  stocks,  but  by  many  the  pecan  is 
considered  the  most  satisfactory.  The  methods  adopted  are 
usually  annular,  and  veneer  shield-budding,  or  cleft  and 
whip  grafting.  1  have  given  an  illustration  of  veneer 
shield-budding.     It    possesses    one    advantage    over    the- 


Fio.  2.    (Jermination  of  the  Pecan. 

p.  Plumule. 

c.  Cotyledons 

r.  Radical. 
(Drawing  by  Miss  L.  McCiiUoch.") 


annular  method,  in  that  if  the  bud  does  not  take  the  por- 
tion of  the  tree  above  the  point  of  insertion  is  not  lost.     A 


Welder  &.  Ressey,  United  HI 

plan  hiejhly  recoinmeniled  by 
Mr.  W.  H.  Raynes.  of  Talla- 
hassee, I  give  in  his  own 
words,  and  the  plan  initfht  he 
modified  by  iisin^r  scions  from 
"hearing  trees:  "I  have  tried 
both  budding  and  grafting  on 
the  wild  hickory,  but  nothing 
succeeds  better  than  planting 
a  common  pecan  and  one  of  the 
big  paper  shells  close  tngether. 
having  them  marked  so  that 
there  can  he  no  mistake  be- 
tween the  two  nuts.  I  let  eacli 
grow  for  two  years,  then  I  take 
the  scion  off  the  paper  shell 
before  it  has  put  out  in   the 
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spring,  and  keep  it  in  moist  sand.  Then  1  wait  until  the 
common  stock  has  plenty  of  sap  and  is  putting  out  leaves. 
Then  I  clear  away  the  ground  from  the  crown  of  the  root 
and  make  an  oblique  cut  from  the  crown  upward,  and  a 
similar  cut  on  the  paper  shell.  Both  cuts  should  be  square 
and  level.  Then  I  get  some  grey  moss  and  mix  it  with  clay : 
I  take  a  piece  about  the  size  of  my  fist  and  knead  it  well 
about  the  scion  and  stock  and  heap  the  earth  over  the  stock. 
Three  buds  should  be  left  on  the  scion,  and  the  oblique  cut 
should  be  from  one-half  to  one  inch  in  length.  I  am  sure 
that  vou  will  have  success." 

There  is  no  doubt  that  the  pecan  is  extremely  hard  to 
work,  and  only  when  the  budding  or  grafting  is  done  by 
an  experienced  hand  is  it  likely  that  good  results  will  be 
obtained.  However,  despite  the  obstacles,  which  account 
for  the  rather  high  price  at  which  the  trees  are  sold,  our 
nurserymen  have  usually  a  fair  stock  of  budded  or  grafted 
trees  on  liand. 

PLANTING. 

Too  often  but  slight  attention  is  given  to  this  important 
piece  of  work.  There  is  too  frequently  a  disposition  on  the 
part  of  the  person  setting  trees  of  any  kind  to  do  the  work 
as  rapidly  as  possible  without  consideration  for  the  future 
welfare  of  the  plants.  Few  realize  that  time  spent  in  care- 
ful, intelligent  preparation  of  the  soil  and  in  setting  the 
trees  is  time  well  spent,  and  well  paid  for  in  the  after  devel- 
opment of  trunk  and  branch.  Better  a  month  spent  in 
preparing  the  future  home  of  the  young  tree,  than  years  of 
its  life  spent  in  an  unequal  struggle  for  existence.  More 
than  that,  the  tree  may  die  outright,  and  a  year  must  elapse 
before  it  can  be  replaced.  It  is  generally  stated  that  the 
pecan  is  a  slow  grower,  and  yet  T  have  seen  trees  from 
twelve  to  fourteen  years  old  which  measured  from  thirty- 
five  to  fifty-seven  inches  in  circumference  at  the  base,  while 
under  less  favorable  circumstances  others  stood  still  for  a 
period  of  six  or  seven  years,  or  until  they  had  accumulated 
sufficient  energy  to  overcome  the  untoward  conditions  of 
their  environment. 
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The  necessary  preparation  will  depend  largely  upon  the 
use  to  which  the  ground  selected  has  been  put  previously. 
If  some  farm  crop,  such  as  cotton,  cassava,  cane  or  velvet 
beans,  or  horticultural  crop,  such  as  tomatoes,  melons  or 
eggplants,  has  been  grown  during  the  previous  season,  the 
ground  will  be  in  good  condition  to  plant  out  at  once.  If  it 
is  desired  to  use  a  piece  of  pasture  land,  it  would  be  prefer- 
able to  break  it  up,  fertilize,  and  plant  some  crop  before 
setting  out  the  trees.  However,  in  the  latter  case,  strips 
might  be  cultivated  along  the  rows  where  the  trees  are  to 
stand,  and  these  strips  later  on  gradually  widened  so  as  to 
embrace  the  whole  surface.  If  a  deadening  is  selected,  all 
the  fallen  timber,  logs  and  stumps  should  be  removed  from 
the  whole  field,  or,  to  economise  time  or  money,  the  same 
plan  might  be  adopted  as  suggested  for  pasture  ground. 

Having  selected  the  ground  and  prepared  the  surface, 
the  next  work  is  to  stake  off  the  ground.  The  distance 
apart  for  planting  the  trees  has  been  variously  given  at 
40,  50,  GO,  or  even  100  feet.  Forty  feet  I  believe  to  be  quite 
sufficient  for  most  of  our  Florida  soils,  and  that  such  dis- 
tance will  certainly  be 
quite  ample  for  thirty-five 
or  forty  years,  and  even 
longer.  If  the  triangular 
method,  as  shown  in  the 
accompanying  cut.  be 
adopted,  forty  trees  forty 
feet  apart  can  be  planted 
on  a  square  acre. 

To  stake  off  the  ground, 
commence  on  one  side  of 
the  field  selected,  and  plant 
stakes  forty  feet  apart 
where  the  trees  are  to 
stand.  Using  two  chains, 
or  two  pieces  of  rope,  forty 
feet  in  length,  the  positions 
for  the  next  row  of  trees  may  easily  be  ascertained  by 
attaching  the  ropes  to  adjoining  pairs  of  stakes,  and  stretch- 
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TrlanKiihir  Metbocl  of  Tree  Planting, 
showing  number  of  trees  which  can 
be  placed  on  a  Miuare  acre. 

(Drawing  by  Miss  O.  L.  Yocum.) 
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ing  them  taut  to  form  with  the  base  line  an  equilateral 
triangle.  Plant  a  stake  at  the  apex,  then  using  the  second 
row  of  stakes  as  a  base  line,  repeat  the  operation.  When 
the  whole  field  has  been  staked  off,  the  places  where 
the  trees  are  to  stand  should  be  thoroughly  prepared.  If 
the  soil  is  very  poor  it  would  be  particularly  desirable  to 
fertilize,  and  I  believe  it  to  be  advisable  in  any  case.  A 
hole  three  or  four  feet  across  and  nearly  as  many  feet  deep 
should  be  dug.  With  the  soil  thus  removed,  thoroughly 
mix  a  pound  or  a  pound  and  a  half  of  some  good  commer- 
cial fertilizer,  and  replace  the  soil,  mounding  it  up  slightly. 
This  should  be  done  two  or  three  weeks  before  the  time  of 
planting.  This  accomplished,  the  remainder  of  the  work 
of  planting  is  a  very  simple  matter.  With  a  sharp  stick  make 
a  hole  in  the  center  of  the  mound  as  deep  as  the  root  of  the 
tree  is  long,  place  the  tree  in  position,  and  pack  the  earth 
firmly  about  it.  Care  should  be  taken  that  the  earth  is 
brought  in  close  contact  with  the  root  all  the  way  down. 
A  surface  mulch  of  leaves,  straw,  or  trash  should  be  pro- 
vided to  prevent  evaporation,  or  the  ground  frequently 
stirred  to  provide  a  mulch  of  dry  earth. 

The  time  of  planting  should  be  some  time  between  the 
first  of  December,  or  latter  part  of  November,  and  the  first 
of  March,  giving  preference  to  the  earlier  part  of  the  season, 
as  the  soil  will  then  have  a  chance  to  become  firmly  packed. 

Pecan  trees  should  be  planted  out  in  permanent  grove 
when  one  or  two  years  old.  If  budded  or  grafted  trees  are 
planted,  the  stocks  will  usually  be  three  years  old,  as  they 
are  generally  worked  at  two  years.  They  can,  of  course, 
be  transplanted  when  older,  but  it  is  more  difficult  to  get 
them  to  live.  Never  allow  the  roots  to  become  dried  out. 
It  is  best  that  the  necessary  root-pruning  be  done  in  the 
shed,  and  that  the  trees  be  carried  to  the  field  wrapped  in  a 
damp  blanket,  from  which  they  are  removed  as  required  for 
planting. 
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CULTIVATION. 

Because  the  pecan  grows  as  a  forest  tree  in  some  parts 
of  the  country,  it  should  not  be  supposed  that,  when  once 
planted  out,  it  should  be  left  to  itself.  It  will  repay  care 
and  cultivation  as  well  as  any  other  fruit  tree.  Two  plans 
have  been  adopted  in  cultivation,  both  of  which  give  good 
satisfaction.  The  first  is  a  system  of  clean  cultivation  from 
March  until  July,  followed  by  a  cover  crop,  such  as  beggar 
weed,  cow  peas,  or  velvet  beans.  This  plan  might  be 
carried  out  until  the  trees  are  six  or  seven  years  old,  when 
the  grove  may  be  seeded  to  grass  and  used  as  a  pasture.  It 
should,  however,  be  fertilized  once  or  twice  a  year,  and  it 
would  be  preferable  to  keep  the  grass  cleaned  away  from 
the  surface  immediately  surrounding  the  trees.  The  other 
plan  is  to  use  the  ground  between  the  rows  for  the  growing 
of  cotton,  velvet  beans,  melons,  or  some  other  crop.  The 
cultivated  area  will  necessarily  become  more  restricted  each 
year,  and  eventually  the  ground  will  have  to  be  given  up 
to  the  trees.  If  a  crop  is  grown,  the  fertilizing  of  the  grove 
will  consist  in  applying  more  fertilizer  than  the  crop  will 
take  up. 

''Cotton-seed  meal  is  good  for  growing  trees,  but  bearing 
trees  will  require  some  potash  in  addition  to  the  meal." — 
i?.  E.  Mernjma)i, 

''I  cultivate  all  around  my  trees,  and  it  really  seems  to 
do  them  good  instead  of  injury.  Florida  does  produce  as 
fine  pecans  as  are  raised  in  the  world.^'  *'I  have  pecan 
trees  from  thirty  to  forty  years  old  that  yield  annually  from 
125  to  500  pounds  without  fertilizers  of  any  kind,  except 
oyster  shells  placed  around  them  a  year  or  so  ago." — Arthur 
Brown,  Bagdad,  Florida. 

PURNING. 

ROOT-TRIMMING   AND   PRUNING. 

When  two  years  old  a  pecan  tree  will  have  from  twelve 
to  eighteen  inches  of  top  and  from  thirty  to  forty  inches  of 
root.     Before  planting,  the  tap-root  should  be  cut  fifteen  or 
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eighteen  inches  from  the  crown,  or  back  to  solid  wood,  and 
the  small  injured  roots  removed.  The  same  should  be  done, 
proportionately,  with  one  and  three  year  old  trees  if  they 
are  set. 

It  appears  to  me  that  it  would  be  an  excellent  practice 
on  the  part  of  our  nurserymen  to  root-prune  the  pecan  trees 
in  the  nursery  row.  I  would  suggest  that  this  be  done  in 
the  fall,  after  the  trees  are  one  year  old.  It  could  easily  be 
accomplished  by  running  the  tree-digger  down  the  row  at  a 
depth  of  nine  or  ten  inches.  The  tap-roots  would  thus  be 
severed,  and  the  following  spring  the  trees  could  be  worked . 
This  course  of  treatment  would  insure  greater  success  in 
transplanting,  as  it  would  have  a  tendency  to  develop  the 
lateral  roots;  and,  in  addition  to  that,  it  would,  in  all  prob- 
ability, induce  earlier  fruiting. 

The  statement  that  the  tap-root  of  the  pecan  should  be 
left  intact  is  perhaps  one  of  the  reasons  why  this  valuable 
tree  has  not  been  more  extensively  planted.  Is  it  not  high 
time  that  this  horticultural  superstition  be  laid  aside  with 
the  many  which  have  already  given  way  to  common  sense 
and  reason?  Were  it  not  that  it  seems  to  be  so  deeply 
rooted  in  the  minds  of  many  people,  I  should  pass  it  over. 

Two  reasons  have  been  advanced  why  this  practice 
should  not  be  adopted.  The  first  of  these  is  that  the  tap- 
root is  necessary  to  hold  the  tree  in  its  place  that  it  may  not 
be  overwhelmed  by  the  wind.  Again,  this  large  under- 
ground development  is  natural  to  the  pecan,  and,  when 
once  removed  or  injured,  the  tree,  according  to  some,  would 
never  bear  at  all,  or  only  indifferently,  according  to  others, 
and  from  that  time  on  the  tree  would  be  useless,  except  as 
an  ornamental  or  as  a  shade  tree. 

The  accompanying  figure  shows  two  pecan  trees  at  two 
years.  The  one  on  the  right  was  carefully  lifted  so  as  to 
preserve  as  much  as  possible  of  the  tap-root,  while  the  one 
on  the  left  had  the  tap-root  cut  when  it  was  transplanted 
at  one  year.  In  the  former,  six  small  roots  from  four  and 
one-half  to  eight  inches  in  length  had  grown  out  to  replace 
the  tap-root,  these  doubtless  having  supplied  the  tree  with 
as  much  nourishment  as  would  have  been  given  by  its  own 
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tap-root.  Furthermore,  without 
doubt,  one  of  these  roots  would  have 
grown  so  as  to  replace  the  tap-root. 
When  the  tap-root  is  cut,  as  is  indi- 
cated in  the  figure,  there  need  be 
no  fear  that  the  tree  will  suffer  in 
any  way  because  of  the  removal. 
The  Stuart  Pecan  Co.,  of  Ocean 
Springs,  Mississippi,  says:  **Four 
hundred  taken  up  out  of  our  nursery 
and  set  out  one  year  ago,  and  then 
taken  up  to  sell,  show  there  is  not 
a  failure  to  record.  Every  one  of 
them  has  made  a  new  tap-root." 

Turning  to  the  question  of  fruit 
production,  it  is  found  that  the  cut- 
ting of  the  tap-root  produces  no 
injurious  effects .  In  fact,  it  is  alto- 
gether likely  that  the  cutting  of  the 
tap-root  brings  the  tree  into  bearing 
earlier,  and  in  nowise  has  it  any  fig.  c.  a.  Tap-root cit atone  year. 

J..  ^i«»x"xi  'J.  f>-  Tap-root  not  cut. 

detrimental  eliect  either  on  its  pro-    (Trees  from  Mr.  Taber.    Photo,  by 
J        ..  ..  1    i_       1^1  the  Author. ) 

ductiveness  or  its  general  health. 

Mr.  Bacon's  bearing  groves  at  DeWitt,  Georgia,  are  now 
twelve,  thirteen  and  fourteen  years  old.  The  tap-roots  of 
all  the  trees  were  cut  at  a  distance  of  from  twelve  to  fifteen 
inches  from  the  crown  when  set  out.  There  is  certainly 
no  reason  to  complain  of  the  quality  of  nuts  borne,  and  in 
regard  to  quantity  the  same  is  true.  Many  of  the  trees 
have  been  so  heavily  loaded  that  the  branches  have  broken 
down.  Fig.  7  represents  one  of  these  trees.  In  187C  Mr. 
G.  M.  Bacon  moved  two  trees  at  Baconton,  Georgia.  These 
trees  were  six  years  old  and  well  branched.  How  long 
their  tap-roots  were,  would  be  hard  to  say.  Wishing  to 
move  the  trees,  and  thinking  they  would  be  useless  if  their 
tap-roots  were  injured,  he  started  the  men  to  digging  them 
up.  They  dug  down  ten  feet,  and  not  coming  to  the  end  of 
the  tap-roots,  they  were  cut  off  at  that  distance  and  lifted 
out.     The   tap-roots  were  then  cut   squarely  off.  four  feet 
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from  the  crown,  with  a  saw,  the  tops  pruned  severely,  and 
trees  planted  out.  To-day  they  are  targe,  well-developed 
trees  (thirty  years  old)  bearing  heavy  crops  of  excellent, 
fuU-meated  nuts. 


,  showing  hrsnclien  broken  byweigrbt 


I  do  not  deem  it  advisable  to  prune  the  tops  of  one  and 
two  year  old  trees  at  the  time  of  setting  out,  as  there  is 
always  a  tendency  toward  the  development  of  several 
shoots,  and  it  is  not  essential  to  the  welfare  of  the  tree.  If 
larger  trees  are  transplanted,  it  will  be  necessary  to  cut 
them  back. 

Aside  from  the  pruning  required  for  the  formation  of 
the  head,  the  top  of  the  pecan  requires  very  little  attention 
in  the  way  of  pruning.  Usually  the  top  is  allowed  to  take 
care  of  itself,  but  it  would  be  particularly  desirable  to  bring 
the  bearing  surface  of  the  tree  somewhat   closer  to  the 
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ground.  The  head  may  be  started  at  three  or  four  feet 
from  the  ground,  and  as  the  strong,  upright  center  branches 
make  their  growth,  they  should  be  cut  back,  thus  inducing 
growth  in  the  lateral  branches  and  giving  the  tree  a  rounded, 
symmetrical  top.  Other  than  this,  all  the  attention  the  tree 
will  require  is  the  removal  of  any  dead  branches  which  may 
happen  to  be  found. 

BOTANICAL. 

The  rich  alluvial  bottoms  of  the  Mississippi  and  certain 
of  its  tributaries  is  the  native  home  of  this  tree  in  the  United 
States.  The  area  as  given  in  *'Nut  Culture  in  the  United 
States/'  *  embraces  **an  obliquely  set  area,  having  near  its 
four  extremities  the  cities  of  Davenport,  Iowa,  Chattanooga, 
Tenn.,  Laredo,  Tex.,  and  the  region  of  the  headwaters  of 
the  Colorado  River  in  Texas."  In  cultivation,  however,  it 
is  found  far  from  this  region,  and  has  been  and  is  receiving 
considerable  attention  in  Alabama,  Georgia,  Florida,  and 
other  States  not  included  in  its  native  range. 

The  pecan  belongs  to  the  family  Juglandacew  (walnut 
family),  and  is  known  botanically  as  Carya  oHvceformis, 
^'utt.,  and  Hicoria  pecan  (Marsh),  Britton.  It  is  closely 
related  to  the  butternut,  walnut  and  the  different  varieties 
of  hickories. 

It  is  a  large,  stately  tree,  75  to  170  feet  in  height,  with 
wide,  spreading  branches  and  symmetrical  top.  The  bark  is 
rough,  broken,  and  grayish  black  in  color.  The  bark  of  the 
young  twigs  is  quite  smooth,  and  they,  during  their  early 
life,  together  with  the  leaves  and  flowers  of  the  tree,  are 
covered  with  a  liberal  coating  of  rather  rust-colored  liairs. 
The  leaves  are  oval,  compound,  composed  of  from  seven  to 
fifteen  falcate,  oblong-lanceolate,  sharp-pointed  serrate  leaf- 
lets, green  and  quite  bright  above,  lighter  colored  below, 
and  when  mature,  nearly  or  quite  smooth.  The  flowers  are 
of  two  kinds — pistillate  and  staminate.  The  former  are 
produced  upon  the  young  shoots,  while  the  latter  come  from 
buds  upon  twigs  one  year  old.     The  staminate  catkins  are 

♦U.  8.  Dept.  AjT..  Div.  Pomology.  1896. 
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usually  produced  in  two  groups 
of  three  each,  f rom  a  sinele  bud. 
and  have  verv  short  stalKs.  The 
stamens  are  t^ree  to  five  in  num- 
ber in  each  fiower,  and  borne 
l>eneatli  a  three-parted  bract. 
The  pistillate  flowers  have  a 
four-valved  involucre  {known  in 
the  mature  form  as  the  husk), 
and  a  two-parted  stigma.  Fer- 
tilization takes  place  largely 
tlirouffh  the  agency  of  the  wmrl. 
The  fruit  is  generally  somewhat 
oblong  in  form,  and  varies  in 
weight  from  about  twenty-five 
nuts  to  the  pound  (a  cultivated 
variety.  Post's  Twentieth  Cen- 
tury}, to  over  one  hundred.  For 
further  de-scriptions,  sec  under 
head  of  varieties. 
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VARIATIONS  IN  CULTIVATED  VARIETIES. 

There  are  some  noteworthy  variations  in  the  varieties 
now  under  cultivation,  but  an  opportunity  has  not  been 
afforded  for  carefully  studying  these.  The  heads  of  some 
are  quite  compact,  the  branches  having  an  upright  habit  of 
growth,  while  the  tops  of  others  are  open,  with  the  branches 
spreading  and  somewhat  drooping.  The  leaves,  too,  pre- 
sent considerable  diversity  of  form,  both  in  general  outline 
and  in  the  shape  of  individual  leaflets,  the  foliage  of  some 
trees  being  quite  characteristic.  The  blossoming  period 
varies  in  a  very  marked  degree,  the  flowers  of  some  trees 
opening  and  the  fruit  having  set  before  others  show  any 
sign  of  putting  forth  flowers. 

This  latter  fact  should  be  borne  in  mind  in  planting 
budded  varieties,  for  self -sterility  apparently  exists  in  the 
pecan  to  a  certain  degree.  To  what  extent  this  is  true  of 
the  cultivated  varieties  I  am  not  aware,  but  it  is  the  only 
plausible  explanation  of  some  cases  of  unfruitfulness,  in 
isolated  pecan  seedlings,  which  have  come  under  my  obser- 
vation; hence,  to  be  on  the  safe  side,  and  in  the  absence  of 
more  certain  knowledge,  I  do  not  deem  it  advisable  for  any- 
one to  plant  solid  blocks  of  one  variety  only.  Several  should 
be  chosen  and  planted  together  in  order  to  guard  against 
the  possibility  of  imfruitfulness  due  to  this  cause. 

PRODUCTION  OF  NEW  VARIETIES. 

The  varieties  of  pecans  which  are  grown  at  present  are 
almost  altogether  the  offspring  of  the  native  trees.  The 
cutivated  pecans  are  generally  a  great  improvement  over 
the  wild  varieties.  The  method  by  which  these  have  been 
obtained  was  simply  by  the  planting  of  nuts  from  trees 
which  had  large  or  otherwise  desirable  fruit.  So  far  as  I 
am  aware,  no  attempts  have  been  made  at  (*rossing  the 
different  varieties  with  a  view  to  obtaining  better  nuts. 
The  results  to  be  obtained  from  such  work  would  doubtless 
be  as  desirable  as  those  obtained  by  breeding  other  fruits. 
Considerable  time  —  six  to  eight  years — would  necessarily 
have  to  pass  before  the  results  would  be  known,  as  the  tree 
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is  slow  in  coming  into  bearing.  The  operation  of  fertilizing 
the  blossoms  would  be  comparatively  simple,  as  the  some- 
what tedious  operation  of  emasculation  would  be  obviated 
on  account  of  the  fact  that  the  female  flowers  are  produced 
separate  from  the  male.  The  production  of  new  varieties 
by  this  means  opens  up  a  large  field  for  future  work. 

VARIETIES. 

A  great  deal  of  stress  has  been  laid  upon  a  thin  shell  as 
a  mark  of  virtue  in  a  pecan  nut;  in  fact,  this  point  seems 
to  have  often  received  attention  at  the  expense  of  other  and 
more  important  ones.  True,  a  thin  shell  is  to  be  desired, 
both  because  it  is  more  easily  cracked  and  because  a  greater 
proportion  of  meat  can  be  secured  from  a  pound  of  nuts, 
but  it  should  not  be  given  undue  prominence. 

The  following  are  the  points  which  it  seems  desirable 
to  consider  in  determining  the  vulue  of  a  pecan:  Quality 
and  flavor,  plumpness  of  kernel,  ease  with  which  the  kernel 
separates,  size,  and  the  thickness  of  the  shell.  The  ease  of 
separation  depends  largely  upon  the  convolutions  in  the 
kernel.  For  market  the  large  and  medium  sized  nuts  are 
perhaps  more  desirable,  while  the  smaller  ones  are  well 
adapted  for  the  home  table.  It  should  be  borne  in  mind, 
however,  that  the  medium  and  small  sized  nuts  are  usuallv 
somewhat  better  in  quality  and  finer  flavored. 

The  following  varieties  are  grown  either  in  Florida  or 
(leorgia.  Some  of  them,  such  as  Stuart,  Van  Deman,  Cen- 
tennial and  Frotchers  are  what  may  be  termed  standard 
varieties,  while  the  remainder  are  for  the  most  part  new 
introductions.  Some  of  these  are  particularly  commenda- 
ble, and  are  well  worthy  of  a  place  among  the  list  of  desira- 
ble varieties.  A  few  of  the  varieties  have  already  been 
described  in  ''The  American  Fruit  Culturist,"  by  Thomas, 
and  in  tlie  excellent  monograph  entitled  "Nut  Culture  in 
the  United  States,''  Division  of  Pomology,  U.  S.  Department 
of  Agriculture,  1890. 

The  numbers  correspond  with  those  on  the  plates,  and 
the  cross  section  of  each  variety  is  shown  to  the  right  of  the 
external  view. 
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1.  Egg  — Medium;  ovate;  shell  thin;  partitions  thin ;  ker- 

nel  plump;  qualitj'  good.  D.  L.  Pierson,  Monticello, 
Fla.  Grown  from  seed  procured  from  Louisiana 
in  188P. 

2.  Louisiana— Large;  oblong;  shell  thin;  partitions  thin; 

full  meated:  quality  very  good.     D.  L.  Pierson. 

3.  Jumbo  —  Large;    ovoid;    shell   thin;    partitions  rather 

thick  and  corky;  quality  very  good.  Specimen  from 
which  drawing  was  made  came  from  D.  L.  Pierson. 

4.  Lady  finger  1 —Small;  oblong,  pointed;    kernel  plump, 

separating  easily;  sweet;  a  small  nut  of  excellent 
quality.  D.  L.  Pierson.  Tree  growing  on  Mr.  Pier- 
son's  place  when  bought,  and  now  probably  twenty- 
five  years  old.     Fruit  ripens  in  September. 

6.  Turner  —  Medium;   elliptical  oblong;  shell  thin;   parti- 

tions slightly  corky;  kernel  plump,  sweet;  quality 
excellent.     G.  L.  Taber,  Glen  St.  Mary,  Fla. 

G.  Frotchers  —  Large;  oblong-ovoid;  shell  quite  thin;  ker- 
nel plump  and  sweet;  quality  good.  Specimens 
from  which  drawings  were  made  were  received 
from  Dr.  J.  B.  Curtis,  Orange  Heights,  Fla. 

7.  Van  Deman — Large;    oblong;    shell    thin;    partitions 

rather  corky;  kernel  rather  plump;  quality  good. 
Specimen  from  Dr.  J.  B.  Curtis. 

8.  Stuart  —  Large;  somewhat  ovoid;  shell  thin;  partitions 

somewhat  corky;  kernel  plump;  quality  very  good. 
Specimens  from  Dr.  J.  B.  Curtis. 

0.  Curtis-  —  Medium;  oblong  conical;  shell  thin;  partitions 
thin;  kernel  full  and  plmnp;  quality  excellent.  Dr. 
J.  B.  Curtis,  Orange  Heights,  Fla.  Tree  grown  from 
seed  obtained  from  Arthur  Brown,  Bagdad,  Fla.,  in 
188G.     First  nuts  borne  in  1893. 

10.  Randall*  —  Medium;  slightly  larger  than  Curtis;  ovate; 
shell  slightly  thick;  kernel  plump,  separating  easily; 
quality  very  good.  Dr.  J.  B.  Curtis,  Orange  Heights, 
Fla.  Grown  from  seed  obtained  from  Arthur  Brown, 
Bagdad,  Fla.,  in  1886. 
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11.  Hume* — Medium;   oblong;  shell    and  partitions  thin; 

kernel  full,  plump:  quality  very  good.  Dr.  J.  B. 
Curtis.  Orange  Heights,  Fla.  Grown  from  seed 
obtained  from  Arthur  Brown,  Bagdad,  Fla ,  in  188G. 

12.  Centennial  —  Large;    oblong,   and  usually  rather   con- 

stricted in  the  middle;  shell  medium  in  thickness; 
partitions  rather  thick  and  corky;  kernel  plump: 
quality  good.  Specimens  for  drawings  were 
received  from  W.  H.  Haskell,  DeLand,  Fla 

13.  Georgia  Giant  —  Very  large,  ovate,  or   ovate  oblong: 

kernel  large;  shell  thin;  a  good  deal  of  corky  sub- 
stance in  the  partitions;  quality  good.  Weight,  32 
to  34  to  the  pound-     G.  M.  Bacon,  DeWitt,  Ga. 

14.  Magnum  Bonum  —  Medium;    ovate;    shell  thin;   parti- 

tions thin;  kernel  plump,  sweet;  quality  very  good. 
G.  M.  Bacon,  DeWitt,  Ga 

15.  Bacon  —  Medium ;    slightly    ovate,    flattened,    creased 

toward  the  apex;  shell  thin;  partitions  thin,  corky 
substance  absent;  kernel  plump,  separating  easily ; 
quality  excellent.     G.  M.  Bacon,  DeWitt,  Ga. 

10.  Atlanta — Medium;  oblong,  pointed;  shell  thin;  kernel 
plump;  quality  very  good.  G.  M.  Bacon,  DeWitt,  Ga. 

17.  Senator  —  Medium;  ovate;  shell  and  partition  thin;  ker- 
nel full  and  plump:  quality  excellent.  G.  M.  Bacon, 
DeWitt,  Ga. 

Number  18  is  a  very  thin-shelled  nut,  here  given  as  an 
example  of  the  extreme  to  which  the  *^  thin-shelled'' 
idea  may  be  carried.  The  thin  shell  is  the  only 
recommendation  it  has.  The  kernel  soon  became 
rancid. 


1  A.  S.  Fuller,  in  his  book  entitled  "The  Nut  Culturist,"  makes  reference  toa  variety 
culled  LadyAnf^er,  which  had  been  forwarded  to  him  by  a  correspondent,  but  as  no 
description  is  given  cf  it,  I  have  retained  the  name  Ladyfin^^er  for  the  variety  forwarded 
by  Mr.  Pierson. 

sTliese  were  known  for  some  time  as  Curtis  Nos.  2^  8  and  5,  respectively,  and  were 
named  as  above  by  Dr.  J.  B.  Curtis. 
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NURSERYMEN. 


The  following  are  a  few  of  the  nurserymen  in  the  South 
from  whom  pecan  trees  may  be  obtained.  The  list  is  not 
complete  by  any  means,  as  it  is  simply  composed  of  those 
who  have  forwarded  catalogues  or  supplied  specimens  or 
information. 

Bacon,  G.  M.,  DeWitt,  Ga. 

Bacon,  R.  J.,  Baconton,  Ga. 

Curtis,  Dr.  J.  B.,  Orange  Heights,  Fla. 

Gillette,  M.  E.,  Tampa,  Fla. 

Girardeau,  J.  H.,  Monticello,  Fla. 

Griffing  Brothers  Company,  Jacksonville,  Fla. 

Haskell,  W.  H.,  DeLand,  Fla. 

Pierson,  D.  L.,  Monticello,  Fla. 

Post  Seed  Pecan  Company,  Fort  Worth,  T»*x. 
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INTRODUCTION. 


Florida  Conditions. — The  State  of  Florida,  as  a 
whole,  poBseseee  very  exceptional  natural  advantages 
for  most  forms  of  stock  husbandry.  There  are  millions 
of  acres  of  cheap  or  free  range  covered  with  natural 
grasses  and  forage  plants,  furnishing  excellent  pastur- 
age for  all  classes  of  animals,  and  our  climatic  condi- 
tions are  such  that  this  pasturage  is  available  at  all 
seasons  of  the  year.  The  natural  range  is  mostly  tim- 
bered sufficiently  to  furnish  protection  against  storms 
in  winter  and  against  sun  in  summer.  It  is  watered 
abundantly  with  never-failing  supplies  of  the  best  and 
purest  water  either  from  springs,  streams  or  lakes, 
and  the  climate  is  so  mild  that  shelter,  except  from 
rain,  even  during  the  severest  weather,  is  sui)er- 
fluous.  These  conditions  have  long  been  recognized 
by  residents,  cind  the  stock  industry  has  for  many 
years  been  one  of  the  leading  resources  of  the 
State.  There  are  hundreds  of  thousands  of  cat- 
tle grown  and  pastured  on  Floridia  ranges,  and 
many  more  could  be  easily  accommodated.  The  in- 
dustry as  heretofore  followed,  however,  has  been  con- 
fined almost  exclusively  to  the  mere  ranging  of  droves 
of  comparatively  inferior  animals,  which  have  been 
mostly  marketed  in  the  West  Indies,  or  have  furnished 
low-priced  raw  material  for  the  stock  feeders  of  the 
corn  States.  The  soils  and  climate  of  Florida  are  per- 
fectly adapted  to  the  successful  growth  of  cultivated 
grasses  and  forage  crops  adapted  to  the  fattening  of 
animals.     These  facts  suggest  the  economy  and  ad- 
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vantages  of  a  radical  change  in  the  form  of  stock 
husbandry  followed,  namely,  the  substitution  of  better 
animals  and  more  systematic  care,  and  finally  the  feed- 
ing and  fattening  of  the  animal  when  grown,  and  the 
supplying  of  local  and  outside  markets  with  a  fen^'fehed 
product  instead  of  the  low-priced  raw  material  hereto- 
fore produced.  These  conditions  are  fully  recognized 
by  the  more  progressive  stockmen  of  the  State,  partic- 
ularly as  new  conditions  become  more  and  more  prom- 
inent, and  the  day  of  smaller  land  holdings  and 
fenced  proprietorship  approaches.  The  object  of  this 
bulletin  is  not  so  much  the  calling  of  attention  to  new 
conditions  and  new  facts,  as  it  is  the  furnishing  of  evi- 
dence of  the  correctness  of  opinions  already  entertaine<l ; 
reasons  for  the  faith  of  many  people  in  the  superior 
advantages  possessed  by  our  State  for  the  profitable 
production  of  fat  beef  and  pork  for  the  best  markets. 

It  is  believed  that  many  of  our  loral  conditions  Hre  such 
as  to  render  successful  competition  from  other  sec- 
tions of  the  country  impossible,  and  it  is  thought  that 
the  experiments,  the  results  of  which  are  here  re- 
corded, will  lend  additional  data  for  the  support  of 
such  opinions.  Economical  or  rational  stock  feeding 
has  heretofore  been  almost  unknown  in  Florida.  No 
systematic  experiments  along  these  lines  have  before 
been  undertaken  by  this  station,  and  no  bulletin  upon 
the  subject  of  the  principles  involved  has  been  pub- 
lished here.  It  seems,  therefore,  that  a  review  of  the 
principles  on  which  the  practice  of  economical  meat  pro- 
duction rests  should  precede  any  detailed  account  of  our 
own  experiments  conducted  in  accordance  with  such 
principles. 

Principles  Involved. — This  bulletin  is  not  intended 
for  those  who  already  know  all  about  stock- feeding,  but  is 
intended  as  an  actual  means  of  practical  assistance  to 
those  desiring  to  follow  the  business  with  economy   and 
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profit     Such  people,  it  is   believed,   will   appreciate   a 
simple  statement  of  the  principles  involved. 

It  is  known  to  all  intelligent  observers  that 
animal  food  consists  primarily  of  two  dififerent  classes  of 
materials  performing  two  distinct  offices  in  the  animal 
organism.  These  are  classified  as  protein,  or  fleah- form- 
ing substances,  and  carbonaceous  or  fat-forming  sub- 
stances. The  former  supply  the  material  for  muscular 
oxidation  and  waste,  and  the  latter  for  maintaining 
animal  heat.  Even  the  most  casual  observer  recognizes 
the  fact  that  a  single  food  or  a  single  class  of  foods  cau- 
not  supply  all  the  demand  of  any  animal,  and  that  the 
best  results  from  feeding  are  only  possible  when  both 
these  different  forms  of  material  are  supplied  in  certain 
proportions.  In  the  daily  life  of  human  beiugs  this  fdct 
is  constantly  recognized  in  practice,  even  though  fre- 
quently with  no  actual  recognition  of  the  underlying 
principle  or  reason.  We  demand  pork  with  beans,  peas 
with  side  meat,  macaroni  with  cheese,  potatoes  with  beef, 
and  fish  with  rice,  not  simply  because  custom  justifies  the 
practice,  but  because  custom  is  founded  on  the  natural 
demands  of  the  animal  organism  for  both  flesh-forming 
and  fat-forming  food,  and  the  demand  or  craving  is 
supplied  by  combining  the  two  different  foods  in  the 
cases  mentioned.  If  it  is  true  that  the  best  results  in 
animal  nutrition  are  only  secured  by  associating  in  the 
food  or  ration  proportions  of  these  two  different  kinds  of 
material,  the  conclusion  is  inevitable  that  some  propor- 
tion between  the  different  constituents  must  be  better, 
more  economical,  more  productive,  more  successful  than 
others.  The  combining  of  proportions  to  give  best  re- 
sults cannot  be  at  random  or  haphazard,  sometimes  in 
one  proportion  and  sometimes  in  another;  for  best  results 
a  fixed  relation  must  exist  between  the  proportion  of  each 
"of  these  ingredients  consumed  by  any  given  person  or  ani- 
mal. This  relation  has  been  thoroughly  and  systematic- 
ally studied  for  many  years  and  has  been  carefully  worked 


out  for  each  class  of  liTe-ttock  nnder  each  of  the  vaiying 
coDdjtioDjB  of  existence,  bo  that  today  it  is  loioira  positively 
what  proportions  of  protein  and  carbonaceous  matters 
most  be  combined  in  the  ration  of  any  animal  to  resalt 
in  the  great«flt  d^p%e  of  sacceas  nnder  any  oondititm, 
age  or  anrronnding  of  the  animal  in  question.  The 
practice  of  this  economical  or  scientific  oompoonding  or 
proportioning  of  foods  is  appropriately  called  rational 
feeding,  and  the  experiments  here  recorded  were  under- 
taken in  the  line  of  such  feeding,  as  applied  to  native 
Florida  animals  and  the  use  of  native  Florida  feed  stnf&, 
in  the  hope  of  eetablishiDg  the  conditions  under  which 
oar  animals  and  feeds  could  be  utilized  with  the  greatest 
profit  to  the  feeder. 

/ 


Field  of  Velvet  Beans  in  Bloom. 
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I. 
RATIONAL  FEEDING. 

Uses  of  Food. — ^The  purpose  of  food  is  to  supply  the 
animal  with  necessary  nutriment.  The  different  con- 
stituents of  the  food  supplying  essential  ingredients  to 
the  animal  organism  are,  therefore,  called  nutrients. 
Their  office  is,  briefly  speaking,  to  sustain  the  animal 
body  and  enable  it  to  transform  food  into  other  valuable 
products,  such  as  flesh,  wool,  milk,  and  energy  or  work. 
The  general  purpose  of  nutriment  is  to  furnish  the 
animal  organism  with  the  material  of  which  it  is  made, 
that  is,  to  form  muscle,  blood,  bones,  fat  and  tissue.  A 
very  considerable  portion  of  the  food,  however,  is  utilized 
to  supply  the  wastes  of  animal  existence,  provide  muscu- 
lar oxidation,  and  to  maintain  animal  heat  by  keeping 
up  the  high  temperature  of  the  body. 

Classification  of  Foods. — Food  is  classified  according 
to  composition,  or  really  according  to  the  function  it  per- 
forms in  the  animal  organism.  The  simplest  classifica- 
tion is  that  which  separatee  nutritive  substances  into  car- 
bonaceous, or  fat  and  heat-forming  materials,  and  pro- 
tein, or  muscle-forming  materials.  In  addition  to  these, 
however,  all  foods  contain  water,  which  is  also  a  large 
constituent  of  animal  bodies,  and  ash,  or  mineral  matter, 
which  enters  not  only  into  the  composition  of  all  animal 
tissues,  but  is  the  chief  constituent  of  the  bones.  The 
carbonaceous  foods  are  subdivided  into  carbo-hydrates, 
of  which  starch,  sugar,  and  fiber  are  illustrations,  and 
fats,  which  are  simply  oils  stored  up  in  the  animal 
tissues.  Protein  foods  include  several  different  classes  of 
chemical    compounds,    the  important  characteristic  of 
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which  is  the  presence  of  nitrogen  in  one  or  another  of  its 
combined  forms.  This  is,  therefore,  the  predominating 
constituent  of  muscle,  of  blood,  of  eggs,  and  of  the  casein 
of  milk. 

Composition  of  Foods. — From  what  has  already  been 
stated,  it  is  readily  seen  that  the  food  must  furnish  to  the 
animal  body  the  material  of  which  it  is  formed,  and 
that,  therefore,  the  foods  consist  of  the  elementary  con- 
stituents of  which  the  body  is  composed. 

Food   is      P'y^^f*^' 
divided  into  j  ^^  *°^ 

T>k      i^jT  i-A      (  Organic  Matter 
Dr^  Matter  I      «      ^^^ 

^  ^  \  Inorganic  Matter, 

^  ( Protein 

Organic      )  p^^,  ^^^ 

Matter  into  ^Carbo-hydrates. 

Few  foods  contain  these  different  constituents  in  the  pro- 
portions required  by  different  animals,  so  that  the  com- 
pounding of  rations  from  materials  of  different  composi- 
tions is  essential  if  the  greatest  degree  of  economy  is  to  be 
secured.  Knowledge  of  the  function  performed  in  the 
animal  organism  by  the  different  nutrients  is  essential 
to  economy  in  ration-making.  Protein  is  the  basis  of 
blood,  muscle,  tendons,  ligaments,  hide,  skin,  marrow, 
horns,  and  hoofs.  It  is  converted  into  fat  and  is  a 
source  of  heat  and  energy.  Fats  are  animal  fuel  for  the 
maintenance  of  heat  and  energy.  They  are  also  stored 
in  the  tissues  of  the  body.  Carbo-hydrates  and  fiber  are 
converted  into  fats  and  are  sources  of  heat  and  energy. 
Mineral  matter  is  the  chief  constituent  of  bones  and 
enters  into  the  composition  of  all  parts  of  the  animal  or- 
ganism. Catbo-hydtates  are  the  most  abundant  and  the 
cheapest  of  nutrients,'  while  the  proteins  are  the  most 
expensive.  It,  therefore,  follows  that,  although  protein 
may  be  converted  into  heat  and   energy,   carbo-hydrates 
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are  a  ipqre  economical  source  and  should  be  utilised  m. 
far  as  possible  for  this  purpose.  It  must,  therefore, 
appear  that  the  economical  use.  of  feedstuffs  and  their 
effect  upon  the  animal  system  depend  chiefly  upon  the 
composition  qf  ther  materials  to  be  U9ed. 

DiGESTjBiLiTY  OF.FooDS. — Not  all  of  any  food  is  actually 
assimilated  by  the  animal  ot  is  really  nutriment ;  only  a 
portion  of  the  contents  of  any  article  of  diet  is  actually  di- 
gestible,  and,  therefore^  performs  any  vital  function  in 
animal  sustenance.  The  remainder,  which  is  not  digestible 
and  not  used  by  the  system,  ia  excreted.  The  amount 
or  proportion  of  digestible  matter  in  every  food  has  been 
carefully  investigated  and  determined  for  all  classes  of 
animals  under  all  the  various  conditions  to  which  they, 
are  subjected.  The  digestible  portion  of  any  food  ex- 
pressed in  the  form  of.  percentage  is  known  as  the* 
digestion  coefficient  of  that  food.  In  the  compounding  of 
rations  and  the  use  of  tables  of  food  constituents  only 
the  digestible  portion  of  the  food  should  be  considered.. 
For  the  sake  of  convenience  the  digestion  coefficient  of 
foods  is  eliminated  from  further  consideration  here,  and 
in  the  following  table  of  the  composition  of  feedstuffs 
only  the  actual  constituents  of  the  food  are  considered, 
though  for  comparison  both  the  entire:  composition  and 
the  actual  amount  of  digestible  material  are  given. 

Nutritive  Ratio. — As  the-  digestible  portion  of  most 
foods  contains  both  carbonaceous  and  protein  constituents,, 
and  as  the  effect  of  the  food  and  its  feeding  value  depend 
chiefly  upon  the  proportion  existing  between  .these  two 
classes  of  nutrients,  a  knowledge  of  which  is  essential  to* 
the  intelligent  and  economical  use  of  foods  in  compound- 
ing balanced  rations,  this  relation  is  expressed  in  the 
form  of  a  simple  ratio,  known  as  the  ^'nutritive  ratio",  of 
the  food  in  question.  Tables  of  feedstuff  and  feeding 
standards  usually  include  this  item,  and  the  term  nutri- 
tive ratio  simply  means  the  relation,  proportion,  or  ratio* 
between  the  proteia  and  carbonaceous  constituents  of  the 
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fbod;  for  instance,  the  natritive  ratio  of  com  fodder  is  ex- 
pressed as  1 :  12.  This  expression  means  that  in  the  di- 
gestible portions  of  com  fodder  there  are  twelve  parts  of 
carbonaceons  food  to  one  part  of  protein.  In  other 
words,  that  there  is  twelve  times  as  mnch  fat-forming 
as  of  flesh-forming  nntriment  present  So  also  the  nutri- 
tive ratio  of  the  food  required  by  any  given  animal  under 
different  circumstances  is  known;  for  instance,  for  feed- 
ing steers  the  ratio  should  be  1 : 6.5.  By  this  term  is 
meant  simply  that  in  the  ration  for  fattening  steers  the 
best  results  are  secured  when  the  proportion  between  its 
protein  and  carbonaceous  parts  is  as  1 : 6.5.  The  nutri- 
tive ratio  is  found  by  dividing  the  total  amount  of  digesti- 
ble protein  found  by  analysis  to  be  present  in  the  food 
by  the  amount  of  digestible  carbo-hydrates.  To  the 
carbo-hydrates,  however,  must  be  added  the  fat  that  is 
present  in  the  food.  Experiment  has  shown  that  fat  is 
2.25  times  as  effective  as  is  the  same  quantity  of  other 
carbonaceous  matter  in  the  food.  Therefore,  the  amount 
of  fat  stated  in  the  analysis  is  given  2^  times  as  much 
value  as  is  given  to  the  same  quantity  of  carbo-hydrates. 
In  determining  the  nutritive  ratio  of  the  food  the  quantity 
of  digestible  fat  is  first  multiplied  by  2.25;  the  product 
is  then  added  to  the  amount  of  carbo-hydrates  present, 
and  the  total  digestible  protein  is  then  divided  by  this 
product.  The  ratio  is  called  "narrow"  or  "wide'*,  as  the 
proportion  of  protein  is  large  or  small.  1 : 3  is  a  narrow 
ration,  while  1 :  10  is  wide. 

Feeding  Standards. — The  composition  of  the  differ- 
ent foods  available  for  feeding  all  classes  of  live  stock  being 
at  hand,  the  question  next  presenting  itself  to  the  feeder 
is  the  quantity  or  proportion  of  the  different  ingredients 
which  should  be  brought  together  in  any  ratio  to  most 
economically  supply  the  requirements  of  the  animal  to 
be  fed.  The  quantities  or  proportions  adapted  to  the  re- 
quirements of  the  different  classes  of  farm  animals  have 
been  carefully  worked  out  by  different  investigators  and 


227 

are  known  as  feeding  standards.  The  standards  thas 
universally  adopted  are  of  German  origin;  the  one  first 
largely  adopted,  and  which  has  until  recently  been  the 
nearly  universal  standard,  was  that  proposed  by  Prof. 
Wolff  of  the  Hohenheim  Experiment  Station,  in  Wnrt- 
temberg.  This  original  table  has  been  recently  consid- 
erably modified  by  both  Grerman  and  American  investi- 
gators, and,  as  now  adopted,  is  properly  called  the  Wolff- 
Lehmann  Standard,  Prof.  Lehmann,  of  Berlin,  having 
suggested  the  chief  modifications  in  the  former  table.  As 
now  arranged  and  adopted,  it  includes,  for  each  class  of 
animals  under  the  various  conditions  to  which  it  is  sub- 
jected, a  statement  of  the  total  dry  substance,  digestible 
protein,  carbo-hydrates,  fat,  and  total  nutritive  matter 
required  to  meet  the  conditions  of  each  animal  to  be  fed. 
The  amount  of  food  to  be  consumed  by  any  animal  being 
dependent  upon  the  size  or  live  weight  of  that  animal, 
the  figures  comprising  the  table  are  made  to  apply  to  a 
definite  weight  rather  than  to  a  mere  individual,  the 
weight  adopted,  unless  otherwise  specified,  being  one 
thousand  pounds  of  each  kind  of  animal.  It  should  be 
added  that  these  feeding  standards  are  not  absolutely  de- 
finite, inasmuch  as  they  necessarily  fail  to  take  into  con- 
sideration individual  idiosyncrasies,  characteristics,  or 
temperament.  However,  they  meet  the  average  require- 
ments of  normal  animals  and  give  by  far  the  nearest  ap- 
proach yet  attained  to  definite  and  positive  control  of  the 
assimilation  and  utilization  of  animal  food. 

(See  Tables  I  and  11,  pp.  229  to  287,  inclvMve.) 

Using  Febding  Tables. — Tables  I  and  II,  with  the  ex- 
planations before  made,  furnish  all  the  data  necessary  for 
the  compounding  of  rations  to  meet  the  requirements  of 
any  individual  animal.  Their  actual  use,  however,  is  best 
illustrated  by  the  working  out  of  a  sample  ration.  Let 
us  suppose,  therefore,  that  it  is  desired  to  fatten  steers. 
Reference  to  Table  II  shows  that  the  total  quantity  of 
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the  nutrients  forming  the  standard  for  the  first  period 
for  fattening  steers,  for  each  one  thousand  pounds  of  live 
weight  is  as  follows  : 

Dry  matter 30.   lbs. 

Protein 2.6    " 

Carbo-hydrates 15.      ** 

c  SLv U.O 

Nutritive  ratio 1:6.5 

The  materials  on  hand  for  compounding  the  ration  to  be 
fed  are  as  follows:  hay,  cotton-seed  hulls,  bran,  and 
corn  meal.  Reference  to  the  percentage  composition  of 
each  of  these  foods,  as  given  in  Table  1,  gives  the  number 
of  pounds  of  each  of  the  nutrients  in  one  hundred  pounds 
of  the  foods  mentioned.  One  pound,  therefore,  contains 
one  hundredth  as  much  as  the  quantity  stated  in  the 
table.     Let  us,  therefore,  mix  a  trial  ration  consisting  of — 

Hay 121bB. 

Cotton-seed  hulls 9    '* 

Wheat  bran 8    " 

Com  meal 7    ** 

By  multiplying  the  amount  of  each  nutrient  ascertained 
to  exist  in  one  pound  of  these  foods  we  have  the  follow- 
ing composition  of  the  ration  : 


CO 

a 

o 

0, 


2  • 

•^    CO 


OQ 

•'2 


O 


Fat. 
Pounds. 


Hay.  .  . 
Hulls... 
Bran... 
Meal... 

Total 


12 
9 

8 
7 


6.842 
3.272 
4.152 
4.996 


36      18.262 


.921 
.219 
.956 
.372 

4.749 
2.908 
2.946 
4.141 

2.468 

14.744 
1.887 

^16.631 

.154 
.208 
.224 
.252 


.838 
X2.25 

=  1.887 


Ratio,  1: 6.7. 

By  dividing  the  sum  of  the  carbo-hydrates  and  fats  shown 
to  be  present  by  the  total  protein  we  obtain  a  quotient 
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of  6.7;  in  other  words,  the  natritive  ratio  of  the  ration 
thns  made  np  is  1 : 6.7.  We  find,  therefore,  that  the  ra- 
tion is  slightly  ''wide",  that  is,  it  contains  a  small  excess 
of  carbo-hydrates.  Therefore,  it  most  be  slightly  modi- 
fied, that  the  carbo-hydrates  may  be  reduced  and  the  pro- 
portion of  proteins  increased.  This  is  best  done  by  in- 
creasing the  quantity  of  hay  one  pound  an.d  diminishing 
the  quantity  of  cotton-seed  hulls  two  pounds.  As  the 
result  we  have  the  following  ration,  the  nutritive  ratio  of 
which  is  1  : 6.5. 


y. 

'S 

O 
P4 

Dry  Matter. 
Pounds. 

Protein. 
Pounds. 

Carbo- 
hydrates. 
Pounds. 

Fat. 
Pounds. 

H<«y . 

13 

7 
8 
7 

6.329 
2.646 
4.162 
4.996 

.170 
.966 
.372 

6.156 
2.262 
2.946 
4.141 

.167 

Hullfl 

Braa 

.172 
.224 

Gommeal 

Total 

.262 

A  \ftJBmM, ••••    • .•«**•• 

35 

18.022 

8.486 

14.604 

.815 

Ratio,  1 : 6.6. 

Any  and  all  rational  rations  are  arranged  in  this  same 
manner  and  by  the  same  process.  It  must  be  remembered, 
however,  that  the  cost  of  the  ration  will  determine  the 
advantage  or  profit  from  its  use,  and  that  therefore  the 
cost  of  all  the  constituents  in  any  ration  should  be 
determined  before  the  final  ration  is  decided  on.  The 
market  value,  moreover,  does  not  necessarily  have  any 
relation  whatever  to  the  nutritive  value  of  any  food  or 
ration;  for  instance,  the  price  of  wheat  bran  fluctuates 
but  very  little  with  the  rise  or  fall  in  the  market  value 
of  wheat,  being  dependent  entirely  upon  the  supply  and 
demand  of  bran  itself.  Therefore,  a  ration  of  low  cost 
may  easily  be  fully  as  valuable  for  feeding  purposes  as 
one  of  higher  cost,  and  an  expensive  ration  on  the  other 
hand  may  be  no  more  valuable  as  food  than  one  costing 
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less  money,  so  that  the  actual  market  value  of  the  con- 
stituents and  the  actual  cost  of  the  total  ration  mast  be 
estimated  before  its  constituent  parts  are  decided  on  if 
the  greatest  degree  of  economy  is  to  be  secured. 

Sample  Rations.'*' — Although  it  is  believed  that  the 
principles  here  enumerated  and  the  data  furnished  will 
enable  any  feeder  of  ordinary  intelligence  to  select  and 
arrange  economical  and  satisfactory  rations  from  avail- 
able foods  to  meet  the  requirements  of  different  classes  of 
animals,  the  element  of  time  involved  is  frequently  im- 
portant, so  that  as  further  assistance  and  practical  aid  to 
stock  owners  a  few  sample  rations  compounded  of  the 
different  available  Florida  feedstuffs  are  here  presented 
to  meet  the  requirements  of  each  different  class  of  farm 
stock. 

RATIONS  FOR  FATTENING  CATTLE,  PER  1000  POUNDS 

LIVE  WEIGHT. 
1.  Pounds. 

Sweet  potatoes 26 

Com  fodder 10 

Cotton-seed  meal 6 

Com  meal 10 

2. 

Com  fodder 20 

Com  and  cob  meal 12 

Cow  peas  (seed) 8 

3. 

Cotton-seed  hulls 25 

Ck>m  meal 8 

Cotton-seed  meal 5 

4. 

Corn-cob  meal 16 

Cowpeas 10 

CrBh-gHtBoa  harf 10 


*  Most  of  these  rations  have  actually  been  in  snecessfbl  use. 
Several  of  them  were  originally  suggested  by  other  experiment 
stations. 
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,      RAT:I0NS  FOR  MILCH  COWS,  PER  1009  POUNDS 

LIVE  WEIGHT. 
1.  •  /J  Poands. 

Com  meal , .-:......* 4 

,  Wheat  bran 4 

*Cotton-Beed  meal 4 

Pea-vine  haj , 16 

•    2. 

Rice  bran 10 

Cotton-seed  meal 2 

Oaesava '. ' 12 

Crab-grass  hay ,.. .-... 16 

3. 

Cow-pea  hay 20 

Wheat  bran 6 

Sweet  potatoes 10 

4. 

Cow-pea  hay 20 

Cotton-seed  halls 16 

Cotton-seed  meal 2 

6. 

Crab-grass  hay 20 

Com  stover 12 

Commeal 3 

Cottonseed  meal 3 

6. 

Cow*  pea  hay 25 

Com  meal 4 

7. 

Sweet  potatoes 25 

Com  fodder 10 

Cotton-seed  meal 4 

Corn  meal 8 

8. 

Com  fodder 18 

Wheat  bran 4 

Cotton-seed  meal 4 

Commeal 6 

Rye  fodder /.... 80 

Wheat  bran 6 

Cotton-seed  meal 2 

10. 

Pea-vine  hay 12 

Cotton-seed  meal 2 

Wheat  bran 4 

Cassava 22 


S43 

It  Pounds. 

B^;gipr-weed  hay 6 

V6lvet>bean  niMd 10 

Oaisavs iO 

FOR  FATTENING  HOGS. 
1.  Poands. 

Sweet  potatoes 30 

Oow  peas.; 9 

Oornmeal 10 

2. 

Oassaya 40 

Wheat  middllDgs 20 

Oow  peas 16 

3. 

Oom 20 

Wheat  middlings 40 

4. 

Sweet  potatoes 80 

Oow  peas 30 

FOR  HORSES  OR  MULES  AT  HARD  WORE;  PER  1000 

POUNDS  LIVE  WEIGHT. 
1.  Pounds. 

Cow-pea  hay 15 

Oats  (grain) IS 

2. 

Corn  fodder 10 

Oats  (grain) 16 

Cow  peas  (grain) 4 

3. 

Com  fodder 13 

Com  meal 11 

Cotton-seed  meal 3 

4. 

iirea* vine  nay •  •••••••.«■•«••. .■•... ■ •••••••..  ao 

Cotton-seed  meal 3 

Com 2 

Cassava 22 

In  using  these  rations  it  must  be  remembered  that  the 
quantity  of  each  article  mentioned  and  the  total  ration 
in  each  case  is  sufficient  to  furnish  a  balanced  ration 
with  the  suitable  quantity  and  proportion  of  nutriment 
to  meet  the  requirements  of  animals  of  one  thousand 
pounds  live  weight.     For  animals  weighing  either  more 
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or  less  than  this  the  quantity  of  food  fed  must  be  cor- 
rected in  proportion  to  the  weight  of  the  animals ;  for  in- 
stance, if  the  animal  weighs  five  hundred  pounds,  the 
quantity  of  each  article  in  any  ration  should  be  one-half 
of  the  amount  stated.  This  correction  for  any  weight  of 
animal  is  easily  made  by  the  use  of  a  simple  proportion. 


II. 
EXPERIMENTS  IN  FATTENING  STEERS. 

Objects  op  the  Experiments. — Four  diflFerent  ques- 
tions were  experimentally  investigated  in  the  hope  of 
securing  facts  which  would  settle  four  points  of  great  im- 
portance not  only  to  the  cattle  owners,  but  to  the  State  of 
Florida  at  large.     These  were : 

First,  Can  native  Florida  range  steers  be  successfully 
fattened  and  the  product  be  placed  upon  the  market  at  a 
profit? 

Second.  What  ration  composed  of  native  Florida  feed^ 
stuffs  is  most  profitable? 

Third,  What  length  of  feeding  period  would  give  the 
most  profit,  or  in  other  words,  how  long  could  the  feeding 
of  steers  continue  under  Florida  conditions  before  the 
cost  involved  exceeded  the  value  of  the  product  ? 

Fourth.  Would  improved  cattle  or  the  introduction 
of  blood  from  the  beef  breeds  give  any  advantage  oyer 
the  feeding  of  native  stock  ? 

The  three  first  questions  may  be  answered  by  one  in- 
vestigation, as  a  single  series  of  experiments  may  be  made 
to  bear  equally  upon  the  three  inquries  raised.  There- 
fore, two  series  of  tests  were  sufficieat  to  furnish  replies  to 
all  four  questions,  inasmuch  as  the  question  of  the  possi- 
bility of  feeding  and  the  ration  found  to  be  most  profit- 
able easily  form  diflerent  divisions  of  the  same   inquiry. 
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The  other  point,  that  is,  of  the  relative  success  or  profit 
from  the  feeding  of  native  stock  and  of  improved  beef 
animals,  is  covered  by  a  parallel  test  made  in  connection 
with  the  first  inquiry. 

Character  op  the  Animals  Used. — For  the  purpose 
of  this  experiment  nine  average  Florida  steers  were  pur- 
chased at  the  Jacksonville  stockyards,  having  been  removed 
from  the  range  about  thirty  days  previous  to  coming  into 
our  possession.     The  animals  ranged  in  age   from   four 
to  seven  years  and  were  selected  by  one  of  the  most  ex- 
perienced stock  men  in  the  State  as  being  typical  Florida 
steers,  such  as  exist  on  the  ranges  of  the  State  in   thou- 
sands, and  might,  therefore,  be  accepted  as  fair  average 
representatives  of  this  class  of  native  cattle.     They  were 
purchased  from  the  stock  yards  rather  than  directly  from 
the  range,  in  order  that  by  selection  from  a  large  number 
an  even  lot  of  animals  might  be  secured,  and  further,  that 
they  might  already  be  somewhat  used  to  feeding,  so  that 
less  time  would  be  lost  in  getting  them   accustomed   to 
their  rations,  and,  therefore,  on  to  full  feed.     On  arriv- 
ing at  the  Station  farm,  they  were  fed  together   for   two 
weeks,  that  they  might  entirely  recover  from   the  eflects 
of  travel,  and  that  by  careful  observation  any  individual 
peculiarities  might  be  detected  which  might  possibly  in- 
terfere with  the  success  of  the  experiment,  or  a  knowledge 
of  which  might  be  useful  in  dividing   the  animals   into 
feeding  lots.     At  the  end  of  this  preliminary  feeding,  the 
nine  steers  were  divided  into  three   lots   of  three  steers 
each.     They  were  previously  weighed,  and  the  division 
was  made  as  evenly  as  possible  according  to  weight,  age, 
and  temperament,  so  that  in  character  each  lot  might  be 
fairly  compared  with  each  other  lot.     The  lots  were  then 
separated  into  feeding  pens  adjoining  the  bam,  each  pen 
being  eight  feet  wide  and  twenty-foar  feet   long,   with   a 
manger  and  feeding  rack  at  one  end  of  the  pen,  with  an 
opening  into  the  barn;  the  feeding  end  of  each  pen  was 
under  a  shed  cover.     In  addition  to]  the  three   lots  thus 
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deocribed,  oonsisting  of  native  Florida  steers,  three  steers 
were  selected  expressly  for  the  purpose  of  making  a  com- 
parison between  the  native  Florida  animal  and  animals 
containing  improved  beef  blood,  by  means  of  which  the 
relative  merits  of  native  and  of  grade  animals  might  be 
tested.  The  three  steers  selected  for  this  purpose  and 
placed  in  Jx)t  IV  consisted  of  one  grade  Short-horn  ox, 
seven  years  of  age,  and  a  pair  of  grade  Red-poled  steers, 
six  years  old.  That  these  animals  possessed  very  per- 
ceptible characteristics  of  these  two  beef  breeds  is  dem- 
onstrated by  the  accompanying  illustrations  taken  from 
photographs.  The  amount  of  beef  blood  possessed  by 
these  animals,  however,  was  probably  not  above  one-half 
and  quite  probably  less.  Nothing  could  be  learned  of 
their  actual  breeding,  so  that  this  matter  is  pure  supposi- 
tion based  on  the  appearance  of  the  animals  themselves. 

The  care  and  feeding  of  the  different  lots  were  as 
natural  and  as  applicable  to  average  Florida  conditions 
as  was  possible  with  suitable  control  over  results.  Noth- 
ing was  attempted  which  could  not  be  successfully 
carried  out  by  any  stockholder  in  Florida  with  sufficient 
intelligence  to  utilize  the  established  principles  of  animal 
nutrition  and  sufficient  interest  in  his  business  to  adopt 
common  business  methods. 

Method  of  Care  and  Feeding. — The  animals  were  con- 
fined in  the  pens  described,  but  were  let  into  the  yard  twice 
a  day  for  water  and  additional  exercise.  They  were  ftd 
twice  daily;  namely,  at  7  A.  M.  and  5  P.  M.  Their 
rations  were  computed  so  that  little  waste  or  unconeumed 
food  was  expected;  yet  it  was  intended  that  when  hay 
formed  a  part  of  the  ration  it  should  be  always  before 
them  in  the  feeding  racks.  The  quantity  discarded  from 
each  ration  was  carefully  weighed  and  deducted  from  the 
quantity  of  food  chavged  against  each  lot  of  steers.  The 
amounts  of  food  thus  wasted  are  not  enumerated  in  the 
present  record  and  are  not  charged  against  the  steers  fed, 
as  this  was  not  a  natural  expense  c  f  normal  feeding,  but 
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was  one  of  the  incidents  of  experiment,  "{"he  steers  we|9^ 
watered  at  7  A.  M.  and  4  P.  M.^  tli^  water  supplied  bejng 
q)ring  water.  They  were  weighed  every  ten  days  during 
the  feeding  period,  and  the  amount  of  food  w|i8  varied 
with  the  variation  in  the  weight  of  the  steers,  so  that  the 
quantity  of  fi>o  I  consumed  bore  a  standard  relation  to  th^ 
live  weight  of  the  animals  fed  upon  each  ration.  T^e 
rations  were  carefully  weighed  at  each  time  of  feeding, 
the  writer  being  personally  present  as  a  rule  at  one  or 
both  feedipgs  daily,  and  making  constant  check  weigh- 
ings to  verify  the  accuracy  of  the  work.  Each  indivi- 
dual animal  was  weighed  separately,  but  the  rations  were 
compounded  for  the  different  lots,  as  circumstances  did 
not  admit  of  individual  feeding  of  each  steer  in  the  dif- 
ferent lots. 

Plan  of  Experiment. — It  was  intended  that  each 
lot  of  steers  should  be  fed,  in  proportion  to  its 
live  weight,  exactly  the  same  quantity  and  pro- 
portion of  each  nutrient.  In  other  words,  every  steer 
was  to  receive  exactly  the  same  form  and  quantity  of 
nutriment,  the  only  difference  being  that  the  source  of 
supply  of  fattening  material  wus  to  be  different  for  each 
lot  of  steers.  This  condition  was  strictly  true  of  Lots  L 
III,  and  IV,  but  with  Lot  II  it  could  not  be  absolutely 
complied  with  by  using  the  ration  desind.  That  is,  it 
was  not  possible  by  the  use  of  cotton-seed  hulls  and  meal 
alone  to  compound  a  ration  absolutely  identical  with  the 
balanced  rations  furnished  the  other  lots.  The  difference, 
however,  was  comparatively  slight,  and  by  using  this 
ration  for  one  lot  of  steera  opportuuity  was  furnished  for 
comparing  the  recognized  standard  ration  of  the  South 
with  the  other  rations  fed.  The  four  lots  of  steers  were  given 
rations  in  which  the  predominatiog  constituent,  or  really 
the  material  being  tested  was  as  fallows :  Lot  I  cassava^ 
Lot  II  cotton-seed  products;  Lot  III  corn  meal;  Lot  IV 
grade  steers  as  compared  with  natives.  The  total  feeding 
time  was  divided  into  three  different  periods,  during  each 


251 


of  which  the  standard  ration,  respectively  for  the  first, 
second  and  third  periods,  was  fed.  The  steers,  however, 
were  weig^ied  every  ten  days,  and  the  actual  amount  of 
food  fed  wi^  varied  with  the  live  weight  of  the  animals 
consuming  the  ration.     The  rations  fed  were  as  follows: 


R^^TIONS  FED. 

Lot  I. 
BtT  1000  Pounds  Live  Weight 


4 


o 


US 


I 


•I 


I 


Hay 

Cotton-seed  meal 
Cassava* 

Total 


9 

5 

36 


4.380 
3.589 
8.391 


.691 

1.681 

.133 


50      16.360!       2.505      14.819      .668 


8.569 

1.152 

10.098 


Ratio,  1 : 6.5. 


I 


.116 
.480 
.072 


Lot  it. 
Per  1000  P(mnd8  Live  Weight 


Pounds. 

Nutritive 
Matter. 

Protein. 

Carbo- 
hydrates. 

1 

Cotton-seed  hulls 

30 

6 

1 

.732 
2.017 

9.696 
1.382 

.696 

Cotton-seed  meaJ 

Total 

.576 

36 

15.18 

2.749 

11.078i   1.272 

Ratio,  l:5.18.t 

*  The  digestibility  of  cassava  in  lieu  of  actual  digestion  coeffi- 
cients was  based  on  the  digestibility  of  Irish  potatoes. 

t  It  is  probable  that  the  actual  nutritive  ratio  of  this  ration  is 
wider  than  appears  from  the  accepted  digestion  coefficients  of  the 
constituents  of  its  two  ingredients,  inasmuch  as  exx>eriment  has 
shown,  as  recorded  in  the  North  Carolina  Experiment  Station 
Bulletin  92,  page  122,  that  the  digestibility  of  the  protein  in  the 
cotton-seed  meal  is  retarded  by  the  carbo-hydrates  of  the  hulls. 
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Lot  HL 
Per  1000  Ptnmds  Live 

Weight 

i 

.9 

i 

Nutritive 
Matter. 

s 

04 

Oarbo- 
hydrates. 

Hav* 

3 

7 
8 
7 

1 
6.829          .998        5.155 
2.545          .170        2.252 
4.152          .956        2.947 
4.996          .372        4 141 

.167 
.172 
.224 
.252 

Hnlls 

Bran ....r. 

Com  meal 

Total 

25 

18.022 

2.496 

14.495 

.815 

Ratio, 

1 :6.5. 

Lot  IV. 
Same  as  Lot  I,  per  1000  x)oand8  live  weight. 

The  actual  amount  and  cost  of  the  food  fed  to  the  dif- 
ferent lots  of  steers  for  the  three  different  feeding  periods, 
after  being  computed  to  correspond  to  the  live  weight  of 
each  lot,  was  as  follows : 

QUANTITY  AND  COST  OF  DAILY  RATIONS. 

First  Period. 

< 

Lot  L 


Hay 

Cotton-seed  meal. 
Caasava 


]bs. 

17 

5 

68 


OZB. 

4 

8 
10 


Cost  of  Feed 
per  Day. 

6.9  ctB. 

7.2 

10.2 


Total. 


Lot  11. 


Cotton- seed  halls. 
Cotton-seed  meal. 


57 
11 


6 

8 


24.3  CtB. 

29.8  CtB. 
15.1 


Total 44.9  cts. 


Lot  IIL 


Hay 

Cotton-seed  halls. 

Wheat  bran 

Com  meal 


24 
12 
15 
12 


10 
4 
4 
4 


Total 


9.8  cts. 

6.3 
15.3 
13.9 

45.3  cts. 


*  Hay,  where  not  otherwise  specified,  was  a  mixture  of  crab- 
firrass,  beggar- weed  and  cow-pea. 
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Lot  IV, 

Hay 27  10.8  cte. 

Cotton-seed  meal 15  19.8 

Cassava 106  4            16.9 

Total 46.5  ots. 

Sboond  Pbriod. 

Lot  L 

Pea-vinehay 23  9.2  cts. 

Cotton-seed  meal 13  18.1 

Cassava 78  12             11.7 


Total 39.0cts. 

Lot  IL 

Cotton-seed  meal 17         12  22.4  cts. 

Cotton-seed  hulls 70         12  36.7 


Total 59.1  cts. 

Lot  IIL 

Pea-vine  hay 30          4  12.1  cts. 

Cotton-seed  hulls 12  6.2 

Wheat  bran 21         12  21.7 

Corn  meal 15  15.8 


Total 55.8  cts. 

Lot  IV. 

Pea-vine  hay 32  8  13.0  cts. 

Cotton-seed  meal 19         12  26.0 

Cassava Ill  16.6 


Total 55.6  cts. 

Thibd  Period. 

Lot  L 

Hay 21           8  8.6  cts. 

Cotton-seed  meal 13           2  17.3 

Cassava 78           4  11.7 


Total 37.6  cts. 

Lot  n. 

Cotton-seed  hulls 72  37.4  cts. 

Cotton-seed  meal 16          8  21.7 


Total 59.1  cts. 
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Lot  ni. 


Hay 31  8  12.6ct8. 

Ootton-eeed  hulls 16  8  8.0 

Wheat  bran 18  18.0 

Com  meal 16  12  16.8 

Total 64.4  eta. 

Lot  IV. 

Hay 29  8  11.8  ete. 

Ootton-aeed  meal 18  23.7 

Cassava Ill  8  16.7 

Total 62.2  cts. 

The  first  and  second  periods  consisted  of  forty  days 
each.  The  third  period,  because  of  the  lateness  of  the 
season,  was  limited  to  ten  days.  The  full  feeding  period 
would  have  otherwise  continued  one  hundred  and  twenty 
days,  consisting  of  three  periods  of  forty  days  each.  The 
ration  above  described  as  constituting  the  feed  of  each 
lot  of  steers  was  the  aclual  quantity  of  food  fed  for 
each  tweaty-four  hours.  From  the  final  summary,  how- 
ever, the  hay  rejected  by  the  animals  is  subtracted.  It 
must  be  remembered,  moreover,  that  during  the  entire 
time  of  feeding  the  animals  were  all  weighed  every  ten 
days  and  the  rations  above  described  were  then  recalcu- 
lated to  meet  the  live-weight  requirements  of  the  steers 
fed,  so  that  the  total  quantity  of  food  consumed  as  given 
in  the  final  summary  was  not  the  actual  quantity  here 
enumerated  multiplied  by  the  number  of  days  in  each 
period,  but  was  corrected  or  modified,  first  by  the  sub- 
traction of  discarded  hay,  and  second  by  the  variation  in 
the  live  weight  of  the  animals,  which  necessitated  a  revis- 
ion of  the  ration  for  each  ten-day  interval.  The  final 
summary,  therefore,  and  charges  against  the  different  lots, 
include  simply  the  food  actually  consumed  and  not 
the  theoretical  ration  provided. 
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FOODS  CONSUMED  AND  GAINS  FOR  THE  DIFFERENT 

PERIODS. 

FiBST  Pbriod. 

Lot  I. 


Hay 

Ootton-seed  meaL.. 
Cassava 


Total. 


762 

423 

1569.5 


1   3  04 

5  59 
4  70 

388 

1$  13  32 

Cotton-seed  hulls. 
(  otton-seed  mea). 

Total 


Lot  IL 


2516.  —12  $    13  08 


512. 


6  74 


$    19  82 


Hay 

Cotton-seed  hulls. 

Bran 

Com  meal 


Total 


Hay 

Cotton-seed  meal. 
Cassava 


Total. 


Lot  IIL 


i  1010.  —8  $ 
535 
646 
522 


4  04' 

2  98 
6  46 

3  94 


I    17  42 


Lot  IV, 


1046 

723 

4432 


•■•■••••I 


$   4  18 
9  53 
6  64 

322 

$  20  37 

20.30 


450    I    23.60 


272    I    14.34 


10.92 


Sbcond  Period. 
Lot  L 


Hay 

Cotton-seed  meal. 
Cassava 

Total 


839 
550 
920 


1   3  35 
7  26 
4  68 

CIO 

1 

$  15  29 

8.92 
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Lot  11. 


3  (3® 


Cotton-Beed  hulls. 
Ootton-Beed  meal 


Hay 

Ootton-Beed  halls. 

Bran 

Com  meal 


Total. 


Hay 

Ootton-seed  meal. 
CaBBava 

Total 


2830 
647 


10  71 
8  54 


Total $    19  26 


Lot  m. 

I  1163 
480 
820 
600 


Lot  IV. 

1080 

790 

4440 


Third  Pebiod. 
Lot  L 


o  S  fl 

jai 


4  32 

10  42 

6  66 


$    21  40 


4i 

8 

O 


48 


$   4  66 

2  49 
8  20 
6  07 

86 

$  21  41 

10 


•S  ••S "'" 


3.03 


3.04 


0.90 


4i 


Hay 

OottonHBeed  meal.... 
CasBava 

Total 


Ootton-Beed  hulls. 
Cotton-seed  meal. 

Total 


Hay 

Cotton-seed  hulls 

Bran 

Com  meal 


Total. 


192 
131 
391 


Lot  IL 

720 
166 


Lot  HI. 

136 
166 
180 

167 


$ 

76 
1  72 

68 

—  6 

> 

3  06 

f 


3  74 
2  17 


$      6  91 


$ 

54 

79 

1  80 

1  60 

» 

4  73 

26 


1.10 
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Lot  IV. 


C3      -S 

>  bo 


4i 

S  d 


Hay 

Cotton-seed  meal. 
Cassava 


Total. 


140 
180 
116 


56 
2  37 
1  67 


$      4  60 


26 


0.79 


It  takes  but  a  cursory  glance  at  the  figures  in  the 
above  table  to  show  that  profitable  feeding  ceased  during 
the  second  period,  and  that  there  came  a  time  when  the 
cost  of  the  food  consumed  by  the  steers  exceeded  the 
market  value  of  the  live- weight  gain.  This  is  always 
the  case  when  animals  are  kept  beyond  a  certain  point 
in  their  fattening  process,  but  are  still  fed  expensive  fat- 
tening rations.  The  demonstration  of  this  fact  was  an 
essential  feature  of  the  experiment.  From  the  constant 
weighings  of  the  animals  we  knew  ,within  a  very  few 
days,  exactly  when  the  feeding  was  no  longer  profit- 
able ;  and  had  the  animals  been  fed  simply  for  profit, 
they  would  have  been  marketed  when  this  point  was 
reached,  with  very  great  advantage  so  far  as  pecuniary 
results  were  concerned.  It  was  desired,  however,  to  as- 
certain the  length  and  lateness  of  season  which  would 
admit  of  profitable  feeding,  and,  therefore,  the  experi- 
ment was  continued  until  these  points  were  demonstrated, 
although  the  financial  loss  from  so  doing  was  fully  under- 
stood. The  exact  bearing  of  these  points,  however,  and 
the  facts  demonstrated  by  this  portion  of  the  experiment 
are  best  shown  by  the  detailed  record  of  the  different 
weighings  of  the  animals,  showing  the  fluctuations  in 
weight  and  the  actual  time  when  profitable  increase  in 
weight  came  to  an  end. 
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REOORD  OF  WEIGHINGS. 

Lot  I. 

Steer  vj^o.  of  Live        Gain  or  Loss  Gain  or  Loss 

No.           weighing.       Weight  per  Head.        per  Lot. 

10  1  680 

11  1  602 

12  1  624 

10  2  710  30 

11  2  640  78 

12  2  634  10  118 
12  3  662  28 

11  3  652  12   •  ' 

10  3  748  38  78 

12  4  676  14 

11  4  695  43 

10  4  776  28  85 

12  5  726  50 

11  5  746  51 

10  5  822  46  147 

12  6  738  12 

11  6  736  —10 

10  6  778  —44  —42 

12  7  744  6 

11  7  779  43 

10  7  818  40  89 

12  8  741  —3 

11  8  828  49 

10  8  850  32  78 

12  9  744  3 

11  9  793  —35 

10  9  862  2  —30 

12  10  728  —16 

11  10  832  —20 

10  10  824  31        —  5 

Lot  II. 

1  1  604 

8  1  628 

5  1  674 

1  2  634  30 

8  2  628  0         112 

6  2  766  82 
1  3  634  30 

8  3  674  46         116 

5  3  796  40 

1  4  620  —14 

8  4  716  32          37 
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Lot  II— Continued. 

a  or  Lobs  Gain  or  Loi 
1.  per  Lot. 

202 

—32 

—26 


Steer 

No.  of 

Live 

Qainor 

No. 

Weighing. 

Weight. 

per  He 

5 

4 

815 

19 

1 

5 

714 

94 

8 

5 

746 

30 

5 

5 

896 

81 

1 

6 

694 

20 

8 

6 

744 

—  2 

5 

6 

886 

10 

1 

7 

676 

—18 

8 

7 

761 

• 

7 

5 

7 

871 

15 

1 

8 

692 

16 

8 

8 

782 

31 

5 

8 

940 

69 

1 

9 

706 

14 

8 

9 

764 

—18 

5 

9 

934 

6 

1 

10 

708 

2 

8 

10 

748 

—16 

5 

10 

944 
Lot  IIL 

10 

3 

1 

592 

9 

1 

688 

4 

1 

616 

8 

2 

636 

44 

9 

2 

740 

52 

4 

2 

674 

58 

3 

3 

550 

86 

9 

3 

748 

8 

4 

3 

670 

—  4 

3 

4 

552 

2 

9 

4 

760 

12 

4 

4 

682 

12 

3 

5 

612  . 

60 

9 

6 

806 

46 

4 

6 

750 

68 

3 

6 

604 

8 

9 

6 

802 

—  4 

4 

6 

762 

12 

3 

7 

632 

28 

9 

7 

808 

6 

4 

744 

—18 

3 

8 

662 

30 

9 

8 

836 

28 

4 

8 

806 

62 

IIB 


—10 


—4 


152 


—82 


26 


174 


00 


40 


120 
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Lot  ni— Oontlnaed. 

V  or  L08B  Gkdn  orLo 
per  Lot. 

—60 


Steer 

No.  of 

Live 

Gdinor  Loc 

No 

Weighing. 

Weight. 

per  Head. 

3 

9 

672 

10 

0 

9 

804 

—32 

4 

9 

778 

—28 

3 

10 

666 

—  8 

9 

10 

822 

18 

4 

10 

794 
Lot  rv. 

16 

2 

1 

1148 

6 

1 

840 

7 

1 

960 

2 

2 

1210 

62 

6 

2 

862 

22 

7 

2 

1010 

50 

2 

3 

1228 

18 

6 

3 

894 

32 

7 

3 

976 

16 

2 

4 

1232 

4 

6 

4 

908 

12 

7 

4 

1028 

62 

2 

5 

1324 

92 

6 

5 

942 

34 

7 

5 

1004 

—24 

2 

6 

1280 

-44 

6 

6 

888 

—74 

7 

6 

1014 

—14 

2 

7 

1262 

—18 

6 

7 

914 

32 

7 

7 

1014 

0 

2 

8 

1348 

86 

6 

8 

940 

26 

7 

8 

1034 

20 

2 

9 

1312 

—86 

6 

9 

942 

2 

7 

9 

1026 

8 

2 

10 

1310 

—  2 

6 

10 

952 

10 

7 

10 

1044 

18 

26 


134 


66 


68 


102 


—134 


14 


134 


—42 


26 


Examination  of  the  above  record  of  weighing  shows 
that,  although  there  was  more  or  less  fluctuation  in 
the  weights  of  the  animHls,  there  was  as  a  whole 
a  constant  gain  in  live  weight  sufficient  to  more 
than  compensate  for  the  food  consumed  up  till  the 
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ninth  weighing,  after  which  there  was  considerable 
falling  off  in  gains,  and  even  frequent  losses  In  weight 
with  aJl  the  different  lots,  so  that  the  eighth  weighing 
may  be  accepted  as  the  Bast  one  showing  a  profitable 
increase  in  weight.  As  the  weighings  were  made  at 
ten-day  intervals,  the  eighth  weighing  was  a':  the  end 
of  seventy  days  of  feeding,  the  first  weighing  having 
been  made  at  the  beginning  of  the  feeding  period.  It 
may,  therefore,  be  accepted  as  demonstrated  that,  for 
steers  in  the  condition  of  the  animals  under  experi- 
ment, the  feeding  of  which  did  not  begin  until  mid- 
winter, a  seventy-day  feeding  period  carries  t"/ie  ani- 
mals to  the  point  of  maximum  gain  and  profit  Prob- 
ably for  animals  taken  directly  from  the  range  a  nine- 
(ty-day  feeding  peiiod  would  show  the  greatest  profit. 
On  this  point  the  experiments  indicate  that  after  the 
animal  has  become  accustomed  to  his  feed  and  is, 
therefore,  placed  on  full  feed,  an  interval  of  from  sixty 
to  seventy-five  days  is  sufficient  to  bring  him  to  the 
point  where  his  slaughtering  would  result  in  greatest 
profit  to  the  f(H^der.  This  is  a  consideration  of  very 
great  importance,  and  is  contrarv  to  the  accepted 
practice  among  northern  feeders,  where  120  days  upon 
full  feed  is  usually  accepted  rs  the  minimum  time  for 
securing  best  results. 

It  therefore  seems  "^hat  the  time  during  which  an 
animal  must  be  fed  in  order  to  be  finished  off  for  mar- 
ket with  greatest  profit  is  probably  at  least  one-third 
less  than  is  required  for  accomplishing  the  same  re- 
sults in  the  beef-producing  sections  of  the  North.  In 
otln^r  words,  the  Fllorida  feeder  is  obliged  to  feed  for 
a  very  much  less  lime  than  is  the  northern  feeder, 
and  therefore,  other  things  being  equal,  he  possesses 
this  very  great  advantage  over  stock-feeders  else- 
where. Accepting  the  fact  that  seventy  days  covered 
the  i)eriod  of  profitable  feeding  of  the  steers  in  ques- 
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tion,  and  that  their  subsequent  feeding  was  for  experi- 
mental purposes  solely,  and  that  at  the  end  of  seventy 
days  they  should  have  been  slaughtered,  if  profit  was 
the  sole  object  of  their  feeding  and  they  had  been  in 
the  hands  of  the  average  Florida  stock-owner  under 
similar  conditions,  it  is  important  that  we  study  the 
financial  side  of  the  experiment;  that  is,  the  cost  of 
the  feeding  and  the  returns  from  the  same  for  this 
period. 

The  quantity  of  food  consumed  has  already  been  re- 
corded and  is  known.  The  basis  adopted  for  estimat- 
ing the  cost  of  the  rations  consumied  was  as  follows: 

Market  Value  of  Food  Consumed. — ^In  determining 
the  value  of  the  different  articles  entering  into  the 
rations  fed,  the  wholesale  prices  per  ton  of  commer- 
cial feed  stuffs  in  Jacksonville  with  the  freight  to  Lake 
City  added,  was  accepted  as  a  fair  basis,  giving  results 
applicable  to  average  Florida  conditions.  The  price 
of  hay  was  based  on  the  market  value  of  native  baled 
hay,  from  which  the  cost  of  baling,  hauling  and  differ- 
ence in  convi  nience  of  handling  were  deducted,  result- 
ing in  what  was  thought  would  furnish  a  fair  estimate 
of  the  value  of  hay  on  the  farm.  The  value  of  the  cas- 
sava fed  was  estimated  at  half-way  between  our  esti- 
mate of  the  actual  cost  of  production  and  the  market 
value  delivered  on  board  cars  for  starch  manufacture, 
an  average  allowance  of  one  dollar  per  ton  being  made 
for  hauling  to  the  cars.  Upon  the  foregoing  basis  the 
value  of  the  different  articles  fed  was  as  follows: 

Hay $  8  CO  per  ton 

Cassava 3  00    "     ** 

Cotton-seed  hulls 10  50    **       " 

Cotton-seed  meal 26  60    "      ** 

Wheat  bran 20  00    **      " 

Commeal 20  60    **      ** 

Upon  the  above  basis  it  is  important  to  next  present 
in  form!  for  comparison  the  relative  cost  of  the  differ- 
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ent  rations  fed.  The  actual  cost  of  the  different  ra- 
tions has  already  been  discussed  by  itself.  The  rela- 
tive cost  of  the  amount  of  food  furnished  in  the  differ- 
ent rations^  as  obtained  from  the  different  materials 
utilized,  is  here  presented. 


RELATIVE  COST  OF  RATIONS  FED, 

Cost  per  Day 

Per  1000  lbs. 

Live  Weight. 

f0.09 
.12 
.11 


Cassava 
Ration. 
Lot. 

Period 

I. 

Ist 

I. 

2d 

L 

3d 

Cotton-See  i 
Ration. 

IL 

Ist 

IL 

2d 

IL 

3d 

Corn  Ration. 

III. 

1st 

III. 

2d 

HL 

3d 

Beef  Steera. 

IV. 

Ist 

IV. 

2d 

IV. 

3d 

Average. 


11  cents. 


$0.21 
.24 
.24 


$0.23 
.27 
.26 


$0.16 
.17 
.16 


23  cents. 


26.3  oents. 


13.6  cents.* 


Before  considering  the  final  results  of  the  slaughter 
test  and  studying  the  financial  results  of  the  experi- 
mients,  it  is  necessary  that  the  actual  live-weight  gams 
for  the  seventy-day  interval,  accepted  as  the  period 
of  maximum  profit,  be  considered,  that  the  d?ta  per- 
taining to  the  actual  increase  in  weight  as  the  result 
of  the  feeding  be  made  available. 


*  Lots  I  and  II  were  fed  exactly  the  same  rations  per  1000 
pounds  of  live  weight,  and,  therefore,  theoretically  the  cost 
of  the  ration  should  have  been  the  same  for  each  lot.  The 
cost,  however,  is  not  based  on  the  food  fed,  but  upon  the  actual 
quantity  consumed,  which  fact  explains  the  sUght  difference  in 
the  relative  cost  of  the  rations  for  these  two  lots. 
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LIVE-WEIGHT  GAINS  FOR  TO-DAY  PERIOD. 

Lot  I. 


Gain  per  Lot. 

Per  Cent,  of  Gain.     D 

ally  Grain  per 

613  lbs. 

26.86 
Lot  IL 

2.43  lbs. 

608  lbs. 

26.66  lbs. 
Lot  IIL 

2.41  lbs. 

408  lbs. 

21.52 
Lot  IV. 

1.  96  lbs. 

384  lbs. 

18.02  lbs. 

1.83  lbs. 

The  facts  presented  in  the  above  table  require  a  few 
words  of  comment  or  explanation,  that  their  actual 
bearing  upon  the  results  of  the  experiments  may  be 
fully  understood.  Mere  casual  observation  might 
lead  to  the  supposition  that  the  actual  gain  in  weight," 
either  per  lot  or  per  head,  was  comparatively  small, 
and  that,  therefore,  the  feeding  resulted  in  compara- 
tively small  gains  as  returns  upon  the  cost  of  the  food 
consumed.  Upon  this  point  it  must  be  remembered 
that  the  actual  gross  increase  in  weight  is  not  the 
basis  upon  which  the  degree  of  success  of  the  result  of 
the  feeding  depends.  The  actual  number  of  pounds 
of  increase  does  not  tell  the  story.  The  proportion  or 
percentage  of  increase  is  the  true  basils  for  comparison. 
In  Ix)t  1,  for  instance,  513  pounds  gross  gain  or  in- 
crease in  we'ght  for  three  animals  for  seventy  days' 
time  might  not  be  exceptionally  large;  so  also  in  'the 
same  lot  an  average  gam  in  weight  of  2.43  pounds  per 
head  per  day  might  inadvertently  be  considered  com- 
paratively small.  Both  of  these  suppositions  or  con- 
claisions  would  be  correct  in  the  case  of  large,  heavy 
steers  weighing  1200  pounds  or  more.  It  must,  how- 
ever, be  rememl>ered  that  we  were  feeding  small  na- 
tive steers;  that  the  average  weight  of  the  steers  in 
Lot  1  at  the  beginning  of  the  experiment  was  only  635 
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pounds,  and  fhat,  therefore,  the  actual  gain  of  2.43 
pounds  per  day  was  gratifyingly  large.  The  percent- 
age of  gain,  therefore,  is  the  true  basis  of  comparison 
and  furnishes  actual  means  for  showing  the  relative 
gains  made  by  the  different  lots  in  this  experiment, 
as  well  as  for  comparison  with  results  obtained  else- 
where. 

Slaughtering  Test. — Having  now  presented  the 
matter  of  the  live- weight  gains  of  the  steers  in  the 
different  lots,  it  is  necessary  to  consider  briefly  the 
actual  results  of  the  slaughitering  of  the  animals.  It 
was  not  jwssible  to  slaughter  all  the  animals  at  one 
time,  inasmuch  as  the  available  market  could  not  util- 
ize so  large  a  quantity  of  beef  at  one  time.  Moreover, 
the  conditions  under  which  the  beef  was  sold,  which 
included  4he  reservation  of  certain  parts  for  experi- 
mental purposes,  and  the  utilization  of  a  considerable 
portion  of  the  beef  in  the  CoMege  mess  hall,  necessi- 
tated sale  c*onsiderably  below  the  maximJum  market 
price  of  such  beef,  so  that  the  final  estimate  of  profit 
and  loss  is  necessarily  made  ui)on  a  live- weight  rather 
than  a  dressed-weight  basis.  From!  a  practical  stand- 
point, however,  as  this  meets  tbe  actual  condition  of 
sale  with  most  Florida  feeders,  these  circumstances 
were  probably  no  disadvantage.  The  animals  were 
slaughtered  tlirt^  at  a  time,  one  steer  from  each  of  the 
first  three  lots,  and  the  three  steers  from  Lot  IV 
made  a  single  slaughtering  by  themselves.  The  kill- 
ing was  all  done  bv  the  same  butchers  at  the  same  time 
of  day,  and  with  identical  preliminary  treatmtent,  so 
that  the  comparisons  and  results  as  to  relations  be- 
tween live-weight  and  dressed-weight  furnish  no  var- 
iation or  inequality. 


No. 

10 
11 
12 


5 
8 
1 


9 
4 
3 


2 
6 

7 
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PERCENTAGE  OF  DRESSED  WEIGHT.* 

Lot  L 


lAve  Weight    Dressed  Weight     Percent  of 

Dressed  Meat 

824 

479 

67.67 

814 

441 

54.19 

728 

412 

Average. 

66.86 

56.28 

Lot  11. 

944 

449 

54.62 

698 

396 

56.59 

710 

Lot  111. 

372 

Average. 

52.49 
54.55 

822 

449 

54.62 

798 

430 

53.88 

678 

380 

Average. 

fi3.44 

« 

54.31 

Lot  IV. 

1338 

778 

58.15 

984 

526 

53.45 

1070 

596 

55.70 

Average 55.78 


The  mere  gain  in  weight  or  percentage  of  waste,  as 
determined  by  slaughtering,  does  not  necessarily 
prove  the  relative  value  of  different  carcasses,  which 
must  depend  to  a  considerable  degree  upon  the  loca- 
tion of  the  better  or  higher  priced  meari  s.  In  our  ex- 
periments no  effort  was  made  to  separate  the  differ- 
ent portions  of  the  carcass,  except  so  far  as  the  quar- 
ters were  'concerned.  These  weights,  however,  furnish 
information  as  to  the  position  of  the  heaviest  portion 
of  the  carcass  r.s  follows : 

^Animals  were  deprived  of  food  and  water  for  sixteen  hours 
previons  to  slanghtering. 
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Lot  I. 

Percentage  of 
No.  Fore  Qaarcer.     Hind  Quarter.    Hind  Quarters. 

10  130  111  46.36 

128  110 

11  116  103 

116  106 

12  113  94 

111  94 

Totals 716  618 

Lot  n. 
5     .     130  124  49.39 

8 

1 

Totals 


130 

124 

130 

126 

114 

100 

102 

92 

97 

90 

99 

80 

676 

618 

Lot  HL 

116 

110 

116 

109 

106 

196 

114 

102 

98 

92 

98 

92 

9  116  110  48.10 

4 

3 

Totals 642  696 

Lot  IV. 

2  208  184  46.78 

202  184 

7  166  136 

166  1.38 

6  140  123 

139  124 


Totals 1011  889 

Quality  of  the  Beef  Produced. — The  mere  fact  of 
tlie  economical,  production  of  beef,  if  established,  was 
not  sufficient  for  the  object  in  view,  since  the  quality 
of  the  product,  and  consequently  its  position  in  ithe 
market^  was  considered  as  of  equal  importance. 

Meat  from  all  of  the  different  lots  was  placed  on 
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sale  in  the  Lake  City  market  in  competition  with  Chi- 
cago dressed  beef,  and  was  retailed  at  the  same  price 
demanded  for  the  latter.  It  is  an  important  and  grat- 
ifying fact  that  whil'3  the  Station  beef  was  available, 
it  was  demanded!  in  preference  to  Chicago  beef  and 
that  during  the  two  weeks  while  it  was  available, 
Western  beef  was  entirely  excluded  from  our  market. 
This  fact  would  seem  to  demonstrate  that  the  quality 
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of  Florida  fat  beef  is  equal  to  that  of  the  best  pro- 
ducL-d  elsewhere. 

For  the  purpose  of  establisbiag  the  relative  merits 
of  the  beef  produced  from  the  feediug  of  the  different 
rations  used,  and  consequently  the  comparative  value 
of  the  different  rations  as  affecting  the  quality  of  pro- 
duct, samples  of  beef  from  each  lot  were  sent  to  three 
unbinsed  persons,  who  were  requested  to  make  com- 
parative table  tests  of  the  different  samples  and  to 
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mark  them  as  to  relatVe  superiority,  being  m^eanwliile 
ignorant  of  the  origin  of  the  different  samples.  The 
result  of  the  test  was  that  in  every  case  by  all  ithree 
judges  the  beef  of  Lot  No.  I,  fed  on  cassava,  was 
marked  first  choice,  while  Lots  Nos.  3  and  2,  fed  upon 
corn  meal  and  cotton-seed  products,  respectively,  were 
given  second  and  third  choice.  This  judgment  was 
demonstrated  as  mating  practical  approval  in  the 
market,  where  purchasers  invariably  called  for  the  cas- 
sava fed  beef  and  preferred  the  same  in  preference  to 
that  from  the  other  two  lots  whenever  it  was  availa- 
ble. It  would  seem,  therefore,  that  not  only  is  the 
possibility  of  profitable  beef  production  with  native 
stock  and  feed  stuffs  established,  but  furthermore, 
that  the  quality  of  the  product  thus  produced  ranks  as 
first-class  and  can  be  successfully  "old  in  competition 
with  the  best  corn-fed  product,  which  is  the  accepted 
American  standard  of  excellence. 

Financial  Results.— The  experiment  itself  having 
been  finished  and  two  of  the  four  questions  under  con- 
sideration having  b<  :n  answered,  namely,  first,  that 
native  steers  could  be  fed  profitably  upon  Florida  feed 
stuffs,  and  second,  tthat  the  seventy-day  period  of  feed- 
ing gave  the  most  profitable  returns,  the  results  of  the 
experiment  mnist  be  examined  individually  from  a 
financial  standpoint,  that  the  actual  degree  of  profit 
may  be  learned,  and  further,  that  the  two  oth^r  ques- 
tions under  consideration,  namely,  the  relative  profit 
from  the  feeding  cf  different  rations  and  the  compar- 
ative merit  of  native  and  grade  steers  may  be  pre- 
sented. The  seventy-day  i)eriod  already  considered 
and  the  live-weipit  basis  of  value  for  the  finished 
product  were  adopted.  The  matter  of  the  basis  for 
determining  the  value  of  the  beef  produced  was  pre- 
sented to  Messrs.  Hart  &  Co.,  of  Jacksonville,  from 
whom  the  steers  were  originally  purchased.  They  are 
the  largest  feeders  and  slaughterers  of  cattle  in  Flor- 
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ida,  their  slaughtering  for  the  JacksonylUe  market 
amouuting  annually  to  nearly  4^000  head.  They  sug- 
gested two  bases  for  t5Stima^'ng  the  increased  value  of 
the  animals  as  the  result  of  feeding.  First^  an  esti- 
mate of  5c  per  pound  upon  the  actual  increase  in 
weight,  this  estimate  being  based  upon  the  well-known 
fact  that  a  fat  anim  i  not  only  consists  of  a  greater 
weight  of  meat  than  the  same  animal  in  an  unfattened 
condition,  but  that  the  quality  of  the  meat  of  the  en- 
tire carcass  is  so  improved  by  the  fattening  process 
that  the  value  of  the  original  weight  of  the  carca^  is 
in  reased  by  the  feeding.  Second^  an  estimate  of 
3  5-8c  per  pound  as  the  actual  market  value  of  the  an- 
imals on  a  live-weight  basis.  As  Messrs.  Hart  &  Co. 
actually  offered  this  price  for  fthe  animisls  delivered 
in  Jacksonville,  this  second  basis  was  adopted  as  the 
real  value  of  the  animals  and  the  fairest  possible  basis 
for  determining  the  financial  results  of  feeding  the 
steers.* 

FINANCIAL  STATEMENT  ON  LIVE- WEIGHT  BASIS. 

~~     lbs.  Ibs.lbHrs         sis 

11906241951338.12   87.62'21.25  f66.37  $28.75  $9.58  75.41  48.42 

II1905241450H38.12   87.4225.49    61.73  23.81  7.93  62.43  37.43 

III  1896 2304 408 37. 92   83.5234.03    49.49  11.57  3.85  30.54  14.89 

IV2948332238458.96120.4136.04    84.37  25.41  8.47  43.09  26.73 

The  above  table  of  the  financial  results  of  the  feed- 
inj;  presents  in  graphic  form  several  facts  of  such  Im- 

*The  value  of  the  manure  produced  is  allowed  to  oflfset  the 
care  of  the  animalB.  The  actual  manurial  value  of  the  food  con- 
sumed is  sufficiently  important  and  complicated  a  matter  to  re- 
ceive more  extended  consideration  than  was  deemed  advisable 
here. 
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portance  that  detailed  conaideration  aeems  necessary. 
The  basis  od  which  the  estimate  of  cost  and  value  of 
the  animals  ia  that  furnished  by  Messrs.  Hart  &  Co. 
of  Jacksonville)  the  original  value  placed  on  the  steers 
at  2  cents  per  pound  live  weight  is  the  actual  cost  of 
the  animals  delivered  in  Jacksonville.  The  value  of 
the  finished  animals^  estimated  at  3  5-8  ceuts  per 
pound,  is  the  market  v^Ji^e  of  the  steers  wben  slaugfh- 
tered,  an(}  tlie  price  Qffepe4  for  the  same  by  Messrs. 
Hart  &,  Co.  It  is  believed  that  foo*  small  numbers 
local  markets  are  fully  as  good  as  the  Jacksonville 
market.  For  large  numbers,  however,  the  cost  of 
transporting  the  fattened  steers  to  Jacksonville  would 
necessarily  be  deducted  from  the  estimated  profits. 
In  car-load  lots  for  average  Florida  points  this  cost 
of  transportation  would  noft  exceed  75  cents  per  head ; 
as  it  varies  from  different  places,  however,  and  in 
many  cases  would  not  be  necessary  at  all,  this  point 
has  not  been  considered  in  my  estimation  of  the  finan- 
cial resuMs  of  fattening.  As  a  prime  object  of  the 
ezperimients  was  a  comparison  of  different  Florida 
feed  stuffs,  (the  point  demanding  first  attention  ifi  that 
of  the  relative  results  shown  from  the  feeding  of  the 
different  rations  used.  The  four  different  lots  show 
profits  over  and  above  the  cost  of  the  steers  p.nd  the 
cost  of  the  feed  consumed  for  the  respective  loita  as 
follows:  I,  128.75;  II,  |23.81;  III,  |11.67;  IV, 
f25.41.  The  important  point  demonstrated  by  these 
figures  is  the  fact  that  cassava  as  a  profitable  ration 
stands  at  the  head  of  the  list,  with  a  profit  f  14.94  in 
excess  of  that  obtained  from  the  feeding  of  the  same 
number  of  animals  on  the  cotton-t^eed  ration,  and 
flT.lS  more  than  resulted  from  the  feeding  of  com. 
In  this  connection,  as  the  pingle  animal  is  the  proper 
uniit  for  estimating  profits  and  costs,  it  will  1;^e  noticed 
that  the  average  cost  of  the  native  steers  per  hefid  is 
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112.68.  It  seems,  therefore,  that  the  profit  of  feeding 
a  single  animal  on  cassava  is  $9.58,  upon  cotton  seed 
mixture  |7.93,  and  upon  corn  |3.85.  There  is  noth- 
ing exceptional  in  this  showing  to  people  actually 
familiar  with  the  possibilities  of  stock  feeding  in  Flor- 
ida. Messrs.  Hart  &  Co.,  at  the  time  the  feeding  of 
these  steers  began,  prophesied  that  their  feeding  would 
result  in  a  profit  of  from  |7  to  flO  per  "head.  How 
close  this  estimiate  came  to  the  actual  fact  in  the  case 
of  the  cassava  and  cotton-seed  lots  is  easily  apparent* 

The  actual  profit  on  the  feeding  of  the  cassava  steers 
"was  48.42  per  cei.t.  on  the  investment.  The  cotton- 
seed steers  returned  a  profit  of  37.43  per  cent,  and  the 
•corn-fed  steers  14.98  per  cent.  The  difference  bet\\een 
Lots  I  and  II  is  decidedly  apparent  and  shows  cassava 
to  be  very  materially  the  cheapest  and  best  ration 
which  can  be  used  for  fattcnii  g  purposes.  The  most 
astonishing  fact,  "however,  is  the  very  great  difference 
demonstrated  between  the  cost  and  the  results  of  feed- 
ing corn  and  feeding  cassava,  the  difference  being 
almost  two-thirds  in  favor  of  the  latter.  Bef  re  pro- 
ceeding to  a  further  consideration  and  application  of 
th(^  results  thus  demonstrated,  the  fact  should  be 
briefly  noticed  that  Lot  IV  shov/ed  a  eompa  aiively 
small  profit  and  a  comparatively  high  cost  of  feeding, 
as  compared  with  Lot  I,  although  both  lots  were 
given  the  same  ration.  I  believe,  however,  that 
the  result  is  easily  explained  and  is  not  adverse 
to  the  advantage  of  the  introduction  of  better  blood 
into    our    herds    of    range    cattle.       I    interpret     the 

*  Mr.  O.  J.  HiU,  of  DeLand,  has  kindly  placed  at  my  disposal 
the  data  secured  by  him  ft-om  feeding  113  head  of  native  steers 
last  winter  on  cassava  and  one  small  feed  of  corn  in  the  ear 
daily.  These  steers  had  access  to  a  small  supply  of  standing  com 
fodder  and  wire-g^rass  for  roaghage.  The  steers  were  marketed 
as  fat  beef  in  DeLand,  and  showed  a  handsome  profit  on  cost  and 
expenses. 


steer  No.  10,  Lot  I. 


•        «,€    1. 


« 


steer  No.  5,  Lot  II. 


•  r" 


4  fc  W 


Steer  No.  9,  Lot  III. 
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result  as  eiinply  showing  that  Lot  IV,  from  its 
natural  propensity  to  take  on  fat,  made  propor- 
tionately a  larger  gain  during  the  short  interval  of 
preliminary  feeding  in  Jacksonville  and  after  they  had 
been  brought  to  the  station,  so  «that  when  the  actual 
experimental  feeding  began  these  beef  steers  were 
more  nearly  finished,  and  that,  therefore,  they  after- 
wards took  on  a  smaller  proportion  of  increased 
weight  and  show  correspondingly  small  gains  and 
profits. 

Relative  Per  Cent,  of  Profit. — In  the  iast  column 
of  the  foregoing  table  the  total  percentage  of  profit 
on  the  investment  resulting  from  the  feeding  of  the 
four  different  lots  of  steers  is  presented  as  follows: 
I,  48.42  per  cent. ;  II,  37.43  per  cent. ;  III,  14.69  per 
cent. ;  IV,  26.73  per  cent.  These  data,  as  well  as  the 
actual  profits  recorded  per  head,  in  which  Lot  I  stands 
at  |59.58  as  against  $3.85  for  Lot  III,  give  abundant 
evidence  of  the  actual  relative  profits  of  the  different 
rations  fed.  For  convenience  of  comparison,  how- 
ever, and  as  an  actual  measure  of  the  relation  between 
the  success  of  the  different  rations,  it  is  best  to  accept 
the  results  obtained  with  Lot  No.  I,  fed  on  the  cas- 
sava ration,  which  heiids  the  list  in  profits  returned 
as  100,  and  on  this  basis  compare  the  results  in  each 
other  case  upon  this  f^me  scale.  By  thio  means,  we 
have  the  following  results : 

Cassava 100 

Cotton-seed  ration 77.53 

Corn-meal  ration 29.79 

Grade  steers 56.40 

On  the  same  basis,  therefore,  the  cotton-s(H^d  meal 
and  hulls  ration  returned  a  profit  of  77.53  per  cent, 
of    that     from     the     cassava    ration,    tbe    corn -meal 
ration    29.79    per  cent.,   and    the    grade    s*eers  55.41 
per  cent.     The  relative  or  comparative  value  of  the 
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three  diflferent  rations^  and  the  grade  steers^  as  com- 
pared with  the  native,  are  thus  graphically  presented, 
and  require  no  further  comment. 

The  questions  propounded  at  the  banning  of  the 
investigation,  viz.:  "Can  native  Florida  steers  be 
fed  at  a  profit  ?"  "What  is  the  most  profitable  ration 
of  Florida  feed  stuflfsr'  "What  is  the  most  profitable 
length  of  feeding  period?"  and  "Do  grade  steers  give 
better  results  than  natives?"  have  been  answered  so 
far  as  this  inquiry  is  concerned. 

It,  therefore,  remains  simply  to  apply  the  results 
secured,  and  make  such  comparisons  as  seem  applica- 
ble as  further  demonstrating  the  bearing  of  the  re- 
sults. 

The  Most  Profitable  Ration. — As  the  determinution 
of  this  point  was  one  of  the  chief  objects  of  the  ex- 
periment, the  bearing  of  the  data  before  recorded  upon 
the  question  of  the  relative  economy  of  the  diflferent 
rations  fed  should  now  be  collated  for  reference  and 
convenient  consideration.  In  this  conaection  it  should 
be  remembered  that  no  ration  used  was  as  economical  as 
could  have  been  arranged  with  Florida  feedstuffs.  Velvet 
beans  in  forage  and  ground  as  meal  furnish  the  cheapest 
source  of  proteins,  and  would  have  given  far  more 
profitable  returns.  Their  composition  is,  however, 
not  suflSciently  determined  to  fit  them  for  the  pur- 
poses of  this  experiment.  It  is  demonstrated  that 
from  every  point  of  consideration  the  cassava  ration 
furnished  the  most  economical  food  and  returned  the 
greatest  net  product  for  the  cost  involved ;  that,  there- 
fore, the  cassava  ration,  or  rations  in  which  cassava 
forms  the  predominating  carbonaceous  constituent, 
are  the  most  profitable  for  Florida  feeders.  The 
points  of  superiority,  as  demonstrated  by  comparison, 
are  as  follows : 
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Per  Cent. 
Gain. 

Cost  of  Ration 
per  1000  Lbs. 
Live  Weight. 

Cost  of  Beef 
per  Lb. 

Lot  I. 

Cassava  ration 

2.43 

26.86 

lie. 

4.14c. 

LotIL 

Cotton-seed  product  ration. 

2.41 

26.66 

23c. 

6c. 

Lot  in. 

Corn-meal  ration 

1.95 

21.62 

26.3c. 

8.34c. 

The  cassava  ration  being  demonstrated  to  be  the 
most  profitable  ration  used,  and,  therefore,  to  be  the 
best  ration  for  Florida  purposes,  it  may  be  accepted 
for  the  present  as  a  standard  Florida  ration,  and  as 
such  used  for  the  purpose  of  comparing  the  results 
thus  obtained  in  Florida  with  those  obtained  under 
similar  conditions  elsewhere. 

Some  Comparisons. — The  degree  of  success  in  the 
fattening  of  beef  in  Florida  can  be  best  measured  by 
actual  comparison  with  typical  results  secured  in  sec- 
tions of  the  county  recognized  as  beef-producing  sectioDS, 
in  which  the  fattening  of  cattle  is  successfully  practiced 
for  profit. 

COMPARISONS. 


Average 
Weight  of 

Steers  at 
Begin  aing. 


Daily  Gain    >  Cost  of  Gain 
per  Head.  per  Lb. 


Texas.. 
Florida 


616  lbs. 
635  lbs. 


1.97  Ibfl. 
2.43  lbs. 


5.99c. 
4.14c. 


• 

xJ 

O 

o 

5 

bo 

d 

« 

^ 

Nebraska 
Florida .... 


180  days. 
70  days. 


9 

> 

.1.4 

S  ^^ 


22.64 
26. 


g  ft 

OS 

Q 


].26 
2.43 


.S'd 

§ft 


8.76 
4.14 
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The  above  data  from  Texas  are  the  results  of  feed- 
ing experitnents  conducted  at  the  Texas  Experiment 
Station  and  recorded  in  Bulletin  No.  27.*  It  is  an  ac- 
cepted fact  that  Texas  is  a  great  feeding  State,  that 
her  stock  owners  grow,  fatten  and  ship  hundreds  of 
thousands  of  head  of  cattle  annually,  and  that  they 
are  in  the  business  for  the  profit  it  brings  them.  By 
comparison,  however,  we  see  that  Florida  range  steers 
can  be  as  easily  .fattened  as  Texas  animals,  and  will 
in  a  given  time  make  a  gain  of  23.35  per  cent  above 
Texas  animals  under  identical  conditions. 

The  Nebraska  comj>arison  is  even  more  important. 
The  Standard  Cattte  Co.,  which  owns  large  ranges 
in  Colorado  and  Montana,  has  been  engaged  for  sev- 
eral years  in  fattening  several  thousand  head  of  its 
range  steers  for  the  Chicago  market  upon  its  own 
farms  at  Allen,  Nebraska. 

It  has  found  this  business  profitable.  For  the 
past  eleven  years  the  average  number  of  animals 
thus  taken  from  the  ranges  and  fattened  has  been 
about  five  thousand  head.  The  careful  accounts  kept 
by  the  company  have  recently  been  publirfied  in  his 
work  on  "Feeds  and  Feeding,"  by  Prof.  W.  A.  Henry,  t 

By  comparison  of  the  results  obtained  by  our  own 
feeding  in  Florida  and  those  recorded  above  from  Ne- 
braska, the  first  point  presented  is  the  apparent  fact 
that  Florida  produces  a  gi-^  on  result  in  seventy  days 
of  feeding,  while  in  Nebraska  180  days  and  propor- 
tional expense  are  required  for  corresponding  results.  Nev- 
ertheless, the  total  percentage  of  gain  in  Florida  is 
much  greater  than  in  Nebraska,  while  our  average 
daily  gain  is  nearly  double  that  of  Nebraska,  and  the 

*  In  this  comparison  the  cost  is  based  on  present  values  of  feed- 
stuffs. 

t**  Feeds  and  Feeding,''  second  edition,  Madison,  Wisconsin, 
1900. 
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cost  of  our  beef  per  pound  is  less  than  one-half  of  that 
produced  in  Nebraska. 

It  would  seem  that,  from  the  facts  presented,  not 
ohfy  are  the  possibilities  and  advantages  possessed  by 
Florida  for  profitable  beef  production  demonstrated, 
but  her  superiority  is  proved  over  sections  of  the  coun- 
try where  the  industry  is  already  established  and  suc- 
cessful. 


III. 
EXPERIMENTS  WITH  HOGS. 

Object  op  the  Experiments. — The  experimental  feed- 
ing of  hogs  was  undertaken  for  the  purpose  of  estab- 
lishing the  relative  va^ue  of  different  rations  in  the 
fattening  of  hogs  for  market.  It  was  believed  that 
the  general  adaptation  of  Florida  to  the  production 
of  fat  hogs  needed  no  demonstration.  It  was  thought^ 
however,  that  far  better  results  could  be  secured  if 
feeding  of  hogs  was  followed  in  accordance  with  pcien- 
tiflc  principles.  It  was  believed,  moreover,  that  among 
the  very  many  hog  foods  of  accepted  value  some  doubt- 
less could  be  used  with  greater  economy  than  others, 
and  all  could  be  utilized  with  greater  advantage  if 
comrpounded  into  rations  more  perfectly  adapted  to 
the  requirements  of  the  animals  to  be  fed. 

Character  of  the  Animals. — That  the  results  of  the 
experiments  might  be  applicable  to  average  Florida 
conditions,  the  feeding  with  hogs  as  with  steers  was 
undertaken  with  native  animals.  It  was  desired  that 
the  results  obtained  should  be  applicable  not  especi- 
ally to  improved  breeds  of  hogs  and  the  somewhat  ex- 
ceptional conditions  under  which  such  animals  are 
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maintained  in  Florida;  for  the  purpose  of  experiment, 
therefore,  native  hogs  of  the  common  "razor-back" 
family  were  selected.  That  they  might  fairly  repre- 
sent this  great  type,  the  animals  fed  were  purchased 
for  the  purpose  from  the  "flat  woods''  range  and  had 
never  been  either  confined  or  artificially  fed  until  they 
were  brought  to  the  Station  farm. 

Method  of  Care  and  Feeding. — When  first  pur- 
chased by  us  these  hogs  were  entirely  unaccustomed 
to  any  food  except  such  as  was  secured  as  a  result  of 
their  own  "rustling."  The  first  step,  ^therefore,  in  the 
experiment  was  to  place  them  upon  a  preliminary 
feeding  until  they  became  sufficiently  accustomed  to 
the  different  native  foods  to  take  rfitions  regularly  and 
thrive  thereon.     This  preliminary  feeding  continued 

for  twenty  days,  at  the  end  of  which  time  it  wa^  be- 
lieved the  experiment  might  be  successfully  under- 
taken. The  animals  were  then  weighed  and  divided 
into  liots  of  four  each,  each  lot  being  placed  in  a  com- 
modious pen  without  shelter  pnd  provided  with  a  con- 
f^tant  supply  of  running  water.  Their  rations  were 
given  them  in  troughs  morning  and  night. 

Plan  of  Experiment. — Essentially  the  same  systen* 
was  followed  with  the  hogs  as  before  described  for  the 
steers.  Each  lot  of  native  hogs  was  given  a  ration  ap- 
portioned to  the  live  weight  of  the  animals  consuming 
the  same.  All  the  diflfereut  rations  were  compounded 
so  as  to  furnish  practically  identical  quantities  and 
proportions  of  nutriment,  the  only  variation  being 
in  the  source  of  supply,  and  each  ration  was  so  pi*©- 
p<)rtioned  as  to  furnish  the  quantity  of  each  couc^^itu- 
ent  and  a  nutritive  ra,tio  conforming  to  the  accepted 
feeding  standard  for  the  class  of  hogs  fo^  which  it  was 
prepared.  As  with  the  steers,  so  also  with  the  hogs, 
in  addition  to  the  test  of  the  effect  of  different  rations 
upon  native  animals,  a  comparison  of  improved  stock 


Hoga  of  Lot«  I  and  II,  Crcsa-bred  and  Native. 
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with  the  native  was  made,  for  which  purpose  a  lot  of 
four  cross-bred  Duroc-Jersey  Poland-China  shoats 
was  selected  and  given  the  identical  ration  fed  to  the 
comparable  pen  of  native  hogs.  The  hogs  were  "divided 
into  lots  and  devoted  to  the  following  tests:  Lot  I, 
grade  hogs  as  compared  with  native ;  Lot  II,  cassava  ra- 
tion ;  Lot  III,  corn  ration  ;  Lot  IV,  eweet-potato  ration  ; 
Lot  V,  corn  alone.  The  com  used,  wherever  fed,  was 
native  shelled  com,  dry  and  uncooked. 


RATIONS  FED. 

Lot  I. 

P&r  100  Pownds  Live  WeighL 


m 

§ 

04 

1 

1 

it 

• 

i 

Cassava 

4 
2 
1.6 

0.002  lbs. 
0.244   " 
0.274   •* 

0.520  lbs. 

0.996  lbs. 
0.844  *• 
0.813  " 

1.000 

Wheat  middlings 

Cow  peas 

0.068 
0.016 

Total 

2.763  lbs. 

0.074 

Nutritive  ratio,  1 :  5.2. 

Lot  n. 

Per  100  Pounds  Live  Weight. 

Native  hogs  same  ration  as  Lot  I. 

Lot  IIL 

Per  100  PoumdB  Live  WeighL 

Pounds. 

1 

04 

Oarbo- 
hydrates. 

1 

^ 

S 

Ck)m 

2 
3 

.146  lbs. 
.366   •• 

1.268  lbs. 
.106   " 

.077 

VTheat  middlings 

.184 

Total 

.600  lbs. 

2.303  lbs. 

.261 

Nutritive  ratio,  1 :6.9 
p 
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Lot  IV. 
Per  100  P6und8  Live  Weight 


B 

o 

p. 


c 
o 


6g 


.2 


Sweet  potatoes 3.5 

Wheat  middlings 3.5 


Totals. 


.031  lbs. 
.427   " 


0.469  lbs. 


0.777  lbs. 
1.652   " 


2.429  lbs. 


Q.010 
0.101 


0.111 


Nutritive  ratio  1 :  5.8. 

Lot  V. 
Per  100  Pounds  Live  Weight 
Fed  all  the  corn  the  hogs  would  eat. 


m 

9 

O 

0U 


B 

•»^ 

(D 

o 


i 

•g'O 


5 

1^ 


Average  daily  amt.  of  com. !       6.03 


0.379  lbs.  3.907  lbs. 


0.301 


Nutritive  ratio,  1  :  10.3. 

LIVE-WEIGHT  GAINS. 


* 

CO 

M 

^ 

u-  o 

A 

oW 

^  u 

• 

o 

Firs 
Wei 
Lbs. 

43 


CD 


• 

Ss 

o*3 

^,Oo5 

(D«^.0 

di  Oi-3 

Feed. 


L 
IL 

m. 

IV. 
V. 


1 
4 
4 
4 


526. 

86.5 
452. 
406. 
381. 


817.        291. 


119. 

612. 
533.5 

484.5 


32.5 
160. 
126.5 
103.5 


55.32      j  Cross-bred,  on 

\     cassava  ration. 
37.57   I  Cassava  ration. 
35.39   ;  Corn  ration. 
31.16     Potato  ration. 
26.90   I  Com  alone. 


RATIONS  FED  AND  COST  OF  LIVE- WEIGHT  GAINS. 

3 

Cassava, 
Lbs. 

Wheat 
Middlings, 
Lbs. 

a. 

Potatoes, 
Lbs. 

Com,  Lbs. 

Cost  of 
Ration. 

Amount 
of  Gain. 

Cost  per 
Lb.  of 
Gain. 

I. 

946.80 
156.70 

473.40 

77.85 

610.20 

639.51 

356.11 
56.38 

1 

1 

1  8  641  291. 
2  12     32.5 
9  13 1  160. 

2.8c. 

II. 

3.1c. 

ni. 

\  406.80 

fi.<i9-45 

5.6c. 

IV. 
V. 

10  02 
7  31 

126.5 
103.5 

5.6c. 

1                10!^.^  84 

7.0c. 

' 

^.1 


1^ 


I'i 

H 
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The  above  table  shows  the  actual  amount  of  the  dif- 
ferent feed  stuff 8  fed  to  the  separate  lots  of  hogs,  and 
consequently  shows,  in  connection  with  the  actual 
g^m  in  weight,  the  real  cost  of  the  product 

Slaughtering  Test. — On  April  20th  the  hogs  were 
all  slaughtered,  having  been  without  food  for  the  pre- 
vious sixteen  hours.  They  were  weighed  individu- 
ally immediately  before  killing,  and  afterwards  on  the 
afternoon  of  the  same  day  the  dressed  carcasses  were 
weighed  for  the  purpose  of  ascertraning  the  relation 
between  the  live  and  dressed  weights.  The  dressed 
carcasses,  as  weighed,  were  in  the  ordinary  market 
condition,  i.  e.,  the  viscera  and  internfil  organs  were 
all  removed,  but  the  head  and  feet  were  not  removed. 
The  results  of  these  weighings  are  presented'  in  the 
following  tabte : 

RELATION  BETWEEN  LIVE  AND  DRESSED  WEIGHTS. 

Lot  I. 


No. 

Live  Weight 

210. 
185. 
197.5 
224.5 

Dressed 
Weight 

153. 
148  5 
157.5 
174.5 

1 

Per  Cent,  of 
Dressed  Weight. 

1 
2 
3 
4 

Total 

817.0 

Lo 

T  11. 

633.5 

77.53 

f 

1 

119. 

1 
Loi 

'  III. 

82.5 

69.32 

1 
2 
3 
4 

129.5 
156.5 
158. 
168. 

85.5 
110.5 
116.5 
121.0 

TotAl 

612.0 

Loi 

?  IV. 

433.5 

77.51 

1 

2 
3 
4 

141. 
115. 
154.5 
123. 

88. 
79. 
106.5 
86.5 

Total 

533.5 

360.0 

67.29 

No. 
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Lot  V. 


TJvfl  Wfllo-ht  DreBsed      i   Per  Cent,  of 

Ldve  weignr.  Weight       Dressed  Weight 


1  76.  49. 

2  119.  82.6 

3  94.5  58.5 


Total. 


289.5  I  190.0  85.63 


Several  facts  presented  in  the  above  table  are 
worthy  of  special  consideration.  Attention,  however, 
is  first  called  to  the  absence  in  the  enumeration  of 
three  hogs  from  Lot  II  and  one  hog  from  Lot  V.  Two 
of  these  animals  were  known  to  be  unwell,  had  been 
suffering  from  some  chronic  disease  during  the  entire 
latter  part  of  the  feeding  period,  so  that,  although 
their  feeding  was  continued,  they  were  excluded  from 
the  final  test.  Two  were  found  to  be  with  pig,  and, 
therefore,  were  not  killed. 

Lots  I  and  II,  consisting  respectively  of  r-*oss-bred 
and  of  native  hogs,  returned  an  almost  identical  per- 
centage of  dressed  weight.,It  is  apparent,  therefore, 
that  whatever  may  be  the  facts  concerning  the  rela- 
tive fattening  propensity,  and  early  maturity  of  the 
two  different  clas,«es  of  hogs,  the  native  "rasor-back" 
mav  be  made  to  retu'^n  when  slaughtered  an  actual  net 
proportion  of  mteat  equal  to  that  of  the  best  fattening 
breeds.  Among  the  lots  of  native  hogs,  the  highest 
peicentage  of  dre^ssed  mieat  was  produced  by  Lot  III  and 
the  lowest  by  Lot  V,  fed  respectively  upon  the  corn 
ration  and  upon  corn  alone,  a  fact  which  emphasizes 
very  emphatically  the  advantage  of  utilizing  corn  as 
a  constituent  of  a  ration,  but  the  disadvantage  of  feed- 
ing it  as  an  exclusive  food  for  fattening  purposes.  The 
returns  from  Lots  I  and  II  fnrnish  additional  proof  of 
the  fat/tening  propensity  of  the  blooded  hog,  as  com- 
pared with  the  native  one  fed  upon  the  same  ration. 
These  facts,  though  interesting  and  important,  sl.ould 
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be  considered  in  connection  with  actual  cost  of  the 
different  rations  fed,  which  furnishes  the  kev  t  the 
actual  financial  results  of  the  feeding. 


IV. 

DETERMINATION   OF  THE  DIGESTIBILITY  OF 

FEEDSTUFFS. 

As  stated  in  the  introduction,  the  value  of  any  food  or 
feedstuff  does  not  depend  entirely  upon  its  composition, 
but  is  determined  by  the  amount  or  proportion  of  the 
different  ingredients  which  are  digestible;  that  is,  the 
value  of  the  food  in  the  animal  economy  depends  not  on 
the  material  present  as  shown  by  analysis,  but  on  the 
actual  amount  of  nutriment  which  the  animal  is  able  to 
extract  from  the  food.  No  animal  is  able  to  take  up 
all  of  any  article  of  food,  and  the  part  which  is 
actually  assimilated  is  the  digestible  portion  of  the  food. 

The  proportion  of  any  food  constituent  actually  digested 
by  the  animal  is  called  the  digestion  coefficient  of  that 
food ;  for  instance,  of  cotton-seed  meal  89  per  cent,  of  the 
protein  present  is  digestible,  and,  therefore,  the  digestion 
coefficient  of  the  protein  in  cotton-seed  meal  is  89.  The 
same  fact  in  varying  degree  is  true  of  every  different 
article  of  animal  consumption,  and  the  digestion  coeffi- 
cients of  most  feedstuff:)  have  actually  been  determined, 
so  that  in  the  compounding  of  rations  the  part  of  the 
food  constituents  actually  digested  or  utilized  by  the 
animal  is  the  portion  really  considered  in  arranging  the 
raticm  and  determining  the  nutritive  ratio  of  the  same. 
The  method  for  determination  of  the  digestion  coefficients 
of  different  feedstuffs  is  comparatively  simple,  although 
based  on  strictly  scientific  principles  and  necessitating 
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the  greatest  care  in  manipulation.  The  method  in  brief 
simply  consists  in  analyzing  all  of  the  food  an  animal  eats 
and  all  of  the  refiise  or  excrement  discarded,  or  excreted, 
and  the  difference  is  the  portion  actually  nlitized, consumed 
or  digested  by  the  animal.  The  practical  details  consist  in 
carefully  analyzing  all  the  food  fed  to  the  animal  used 
for  the  experiment,  and,  if  a  mixed  ration  is  used,  incor- 
porating with  the  same  a  portion  of  the  article  the  di- 
gestion coefficient  of  which  is  to  be  determined,  and  then 
placing  the  animal  in  a  harness  so  arranged  that  all  ex- 
crement is  collected  and  subjected  to  analysis,  so  that  the 
actual  amount  and  proportion  of  the  food  eaten  and  the 
part  excluded  can  be  compared.  The  difference  has  been 
digested,  that  is,  assimilated  by  the  system  of  the 
animal. 

It  so  happens  that  most  of  the  digestion  experi- 
ments and  determiuations  of  digestion  coefficients  in  this 
country  have  been  conducted  by  Experiment  Stations  in 
the  Northern  States,  where  many  of  the  foods  used  are 
unlike  those  common  to  the  South,  and,  moreover,  where 
Southern  feedstuffs  are  unknown,  and,  therefore,  not  avail- 
able for  experimental  purposes.  The  natural  result  has 
been  that  a  very  considerable  number  of  the  more  com- 
mon Southern  feedstuffs  have  not  been  thus  investigated, 
and  that,  therefore,  the  digestion  coefficients  of  many 
articles  fed  to  animals  in  the  South  are  unknown,  or  in- 
sufficiently determined.  This  is  true  of  even  so  common 
an  article  of  human  and  animal  f6od  as  the  sweet  potato. 
The  desirability,  therefore,*of  determining  the  digestion 
coefficients  of  common  Southern  feedstuffs  must  be 
apparent,  and  this  work  has  been  inaugurated  by  us  with 
the  intention  of  continuation  until  the  actual  facts  as  to 
the  digestibility  of  all  our  feedstuffs  are  established,  so 
that  rations  for  Southern  animals  may  be  compounded 
with  the  same  degree  of  scientific  accuracy  as  is  to-day 
possible)  with  the  commerical  feedstuffs  of  the  North. 
This  investigation  has  but  just  begun,  and  the  results  of 
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digestion  coefficients  with  bat  two  feedstuffs,  namely, 
cassava  and  velvet  beans,  are  incorporated  hei*ewith. 
Other  feedstaffs  of  nearly  eqaal  importance,  however, 
such  as  sweet  potato,  rice  by-products,  cow-peas,  crab^ 
grass,  wire-grass,  cow-foot  grass  and  beggar- weed  will  be 
subjected  to  caroful  inquiry  in  the  near  future.  It 
is  intended  that  sheep,  as  well  as  steers,  be  utilized  in 
these  experiments,  although  thus  far  the  work  has 
been  confined  to  a  single  animal ;  namely,  a  two-year- 
old  native  steer,  whose  appearance  in  harness  is  shown  in 
the  accompanying  illustration. 

The  arrangement  of  this  harness  was  similar  in 
essential  features  to  that  commonly  used  for  similar  work, 
though  in  simplicity  of  detail  and  effectiveness  it  is  believed 
to  be  an  improvement  over  any  heretofore  in  use.  It  con- 
sisted of  a  collar  buckled  about  the  neck  of  the  animal  and  a 
sack,  for  the  catching  and  retaining  of  the  excrement? 
held  in  place  by  four  cords,  one  following  the  line  of  the 
back,  one  the  stomach,  and  one  upon  each  side.  There 
was  also  a  girth  surrounding  the  animal,  to  assist  in  hold- 
ing the  different  lines  in  place.  The  sack  itself  was 
made  of  strong  canvas  lined  with  oilcloth,  so  that  it  was 
impervious  to  moisture.  Gatherings  of  the  excrement 
voided  were  made  four  times  a  day  and  immediately  taken 
to  the  laboratory  for  analysis. 

Digestibility  of  Cassava. — For  the  purpose  of  deter- 
mining the  digestibility  of  cassava  the  following  daily 
ration  was  used  : 

RATION. 


Pounds. 

Dry 
Matter. 

• 

a 

.2 
11 

o 

0.11 
0.06 
0.46 

5.00 
1.67 
0.22 

Extract 
Matter. 

1 

Cassava 

Ootton-seed  hulls 

1 

6.39' 
1.27 

526.65 

1.02 

0.11 

Ootton-seed  meal 

1 

1 

0.15 

Totals 

526.65, 

0.63 

6.89 

0.28 

Nntritive  ratio  1 :  12. 
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The  animal  was  kept  apon  this  ration  twelve  days,  the 
last  five  of  which  constituted  the  collection  period  from 
which  the  excrement  was  all  collected  and  subjected  to 
analysis.  *  The  cassava  fed  during  this  period  was  dug 
and  cut  fresh  daily  and  samples  were  subjected  to  analysis. 
The  grain  constituents  of  the  ration  were  weighed  and 
thorougly  mixed  at  the  beginning  of  the  feeding  period 
and  sampled  for  analysis.  The  quantities  constituting 
the  single  feedings  were  then  carefully  weighed  into 
i^anila  sacks,  in  which  they  were  placed  aside,  the  con- 
tents of  each  sack  constituting  a  single  grain  feeding  to 
which  the  ration  of  cassava  was  added  at  the  time  of 
feeding.  Analysis  of  the  excre  nent  showed  the  following 
compo6ition. 

COMPOSITION  OF  THE  EXCREMENT. 


Dry 
Matter. 

Protein.         Fat          Fiber. 

1 

Ash. 

Extract 
Matter. 

27.63 

1 
2.96             0.18 

12.61             1.43 

10.35 

This  analysis,  togetlier  with  the  composition  of  the 
ingredients  of  the  ration,  furnishes  the  data  for  determin- 
ing the  digestibility  of  the  cassava  fed. 

[See  table  on  next  page. ) 

The  difference  between  the  digestible  nutrients  of  the 
other  constituents  of  the  ration  and  the  total  of  the 
digested  constituents  is  the  proportion  of  each  nutrient 
digested  from  cassava,  which,  reduced  to  percentages  as 
shown  in  the  above  table,  forms  the  so-called  digestive 
coefficient,  so  that  the  result  of  this  experiment  shows 


*  The  steer  had  been  feed  upaix  a  ration  of  the  same  ingredients 
in  somewhat  varying  proportions  tor  two  weeks  previously,  that 
the  proportions  which  he  would  consume  with  least  waste  might 
be  learned.  A  comparatively  short  final  period  was  therefore 
adopted. 
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the  digestive  coefficients  of  cassava  to  be  as  follows:* 
Protein  24.06,  Fiber  79.87,  Extract  matter  55.47,  Ash 
64.96,  Fat  59.28,  Dry  matter  52.12. 

The  digestion  coefficients  of  Irish  potatoes,  usfd  in 
the  absence  of  determinations  for  cassava,  are  as  follows : 
Protein  44,  extract  matter  91  and  fat  13.  The  va- 
riation thus  shown  is  very  considerable,  and  the  neces- 
sity for  determining  the  coefficients  for  each  feed-stuff  is 
apparent.  The  proportioning  of  the  cassava  rations  if 
based  on  the  real  coefficients  would  have  been  materially 
different  from  the  proportions  actually  used. 


SUMMARY. 

1.  Florida  possesses  all  the  requirements  of  a  natural 
stock  country  in  an  exceptional  degree. 

2.  Economical  stock  feeding  requires  the  combination 
of  both  flesh-forming  and  fat-forming  foods  in  certain 
proportions,  varying  with  the  class  and  condition  of  the 
animal.  The  proportions  for  any  requirement,  however, 
are  fixed,  and  must  furnish  definite  amounts  of  protein 
and  carbonaceous  materials. 

3.  Florida  produces  numerous  and  economical  feed- 
stuffs  of  each  of  these  classes  in  abundance ;  two  of  the 
former,  namely,  beggar-weed  and  the  velvet-bean,  and 
one  of  the  latter,  cassava,  are  almost  distinctively 
Florida  crops.  In  addition  to  these  we  produce  the 
typical  forage  and  feed-stuff  crops  of  the  Southern  States. 

4.  The  feeding  value  of  any  feedstuff  depends  on  the 
digestibility  of  the  constituents  fully  as  much  as  upon 
the  mere  composition  of  the  article. 

5.  Experiment  has  shown  that  there  are  definite  "feed- 
ing standards "  for  each  class  of  life-stock,  and  that  by 
means  of  the  composition  of  the  digestible  part  of  differ- 
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ent  foods  it  is  possible  to  so  proportion  the  ingredients  of 
rations  as  to  meet  the  actual  requirements  of  any  animnl. 

6.  The  amount  of  food  which  may  be  economically 
consumed  by  any  animal  varies  with  the  weight  of  the 
animal  in  question,  and  should  be  proportioned  to  the 
live  weight  of  the  individual. 

7.  The  experiments  recorded  were  with  average  native 
animals,  fed  native  feedstuffs  under  natural  conditions. 

8.  The  three  rations  fed  to  steers  gave  percentage 
of  gain  and  the  greatest  daily  average  gain  in  the 
following  order:  Cassava,  cottonseed  products  and 
corn  meal.  The  percentage  of  dressed  weight  shown 
as  the  result  of  slaughtering  was  in  the  same  order. 

9.  In  the  comparison  of  native  steers  with  grade  ani- 
mals the  former  made  the  largest  gain,  but  the  latter 
the  largest  proportion  of  hind-quarters,  and  heaviest  net 
weight. 

10.  The  quality  of  the  beef  produced  was  fully  equal 
to  the  Western  beef  offered  in  our  markets. 

11.  The  result  of  feeding  showed  a  profit  on  the  in- 
vestment as  follows :  Cassava  48.82  per  cent.,  cotton -seed 
products  87-43  per  cent.,  corn-meal  14.69  per  cent.  The 
grade  steers  gave  a  profit  of  26.73  per  cent,  as  compared 
with  48.82  per  cent,  from  the  natives  on  the  same  ration. 

12.  Velvel-bean  (pod)  meal  is  believed  to  be  the 
natural  protein  food  for  Florida  feeders,  and  the  neces- 
sary complement  to  cassava.  It  could  not  be  used  for 
experimental  rations,  however,  until  its  digestion  coeffi- 
cients had  been  thoroughly  established.  Its  use  with 
cassava  would  have  very  materially  reduced  the  cost  of 
the  ration  and  the  resulting  product. 

13.  After  being  placed  on  full  feed  70  days  of  feeding 
seems  to  bring  Florida  steers  to  their  maximum  gain 
and  most  profitable  point.  For  animals  taken  directly 
from  the  range  about  30  days  are  required  for  getting 
upon  full  feed. 
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14.  By  comparison  with  the  results  of  actual  feeding 
experiments  in  Texas  and  Nebraska^  two  great  cattle 
feeding  States,  our  Florida  steers  gave  a  profit  of  23.35 
per  cent,  over  the  results  in  the  former  State,  while  our 
average  gain  per  day  was  double  that  of  the  latter  and 
our  actual  cost  per  pound  of  product  was  less  than  one- 
half  as  much.  Our  results,  moreover,  were  secured  in 
one-half  the  time  required  in  Nebraska. 

15.  The  rations  tested  with  hogs  showed  results  in  the 
following  order  of  merit :  Cassava  ration,  com  ration, 
potato  ration,  corn  alone. 

16.  The  native  hogs,  gave  a  higher  proportion  of 
dressed  meat  than  the  cross-bred  animals. 

17.  The  determination  of  the  ''digestion  coefficients" 
of  each  feed-stuff  is  shown  to  be  necessary  to  the  most 
economical  feeding.  The  coefficients  as  actually  deter- 
mined, for  cassava  are  materially  different  from  those 
used  as  a  substitute. 
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THE  COTTONY  CUSHION  SCALE, 
Icerya  Purchasi   Maskell. 


IN    AUSTRALIA. 


to     such     an 


The  Cottony  Cushion  Scale  is  a  native  of  Austra- 
lia.      In    its    original    home   it    attracts    comparative- 
ly   little     notice,     seldom     multiplying 
excessive     degree     that     it     threat- 
ens important  agricultural  interests. 
The  names  Fluted  Scale  and  Austral- 
ian Scale  are  also  applied  to  the  in- 
sect.    In  Australia  and  South  Africa 
it  is  sometimes  alluded  to  as  the  Aus- 
tralian Bug. 

It  seems  that  in  the  Australian 
fauna  this  scale  occupies  about  the 
same  economic  position  that  the 
Cottony  Maple  Scale,  Pulvinaria  in- 
ntimerabilis,  an  insect  belonging  to 
the  same  family,  the  Coccidae,  holds 
among  the  insects  of  this  country. 
Local  outbreaks  of  either  at  times 
may  be  observed  in  their  respective 
home  countries,  but  natural  checks 
serve  to  keep  them  from  inflicting  se- 
vere damage  upon  more  than  re- 
stricted areas.  In  Australia,  various 
species  of  lady-bugs,  flies,  and  hymenopterous  parasites 
contribute  to  deplete  the  numbers  of  Icerya.  and 
in  America  the  lady-bugs,  lace-wings,  carniv- 
orous caterpillars,  and  hymenopterous  parasites 
dispose  of  the  Pulrinaria  in  the  same  obliging 
way.     To  further  pursue  the  parallel  both  Icerya  and 


Pulviuaria  innumrra' 
biiis  Rtttho.  (After  Miss 
C.  M.  King  in  Bulletin 
No.  43  lowH  St«tlf»n.  by 
Wilman  Newell.) 
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Pulvinaria  excrete  a  white  cottony  mass,  which  covers 
and  protects  unusually  well  a  mass  of  hundreds  and 
sometimes  of  thousands  of  eggs.  The  scales  are  at 
least  comparable  in  size  and  the  sets  of  changes  in  the 
two  insects  are  very  similar  throughout  the  course  of 
their  development.  Both  are  highly  polyphagous,  or 
very  indiscriminate  in  the  selection  of  their  food  plants. 
An  American  lady-bird,  Hyperaspis  signata,  feeds  in  its 
larval  stages  in  the  egg-nests  of  Pulvinaria  in  precisely 
the  same  manner  that  the  celebrated  Australian  lady- 
bird, Novius  cardinaliSy  does  in  the  nests  of  Icerya, 
though  it  is  perhaps  more  rare  than  the  Novius,  Also 
the  methods  by  which  the  two  insects  distribute  them- 
selves are  very  much  the  same. 

There  are  other  insects  in  Florida  even  more  nearly 
related  to  the  Fluted  Scale  than  Pulvinaria,  but  we  have 
preferred  to  compare  these  two  because  Pulvinaria  is 
more  widely  distributed  and  better  known  to  the  ma- 
jority of  observers  than  the  nearer  relatives  of  Icerya, 
and  because  some  of  the  natural  enemies  of  this  native 
species  seem  to  have  taken  a  liking  to  the  imported  one. 

THE   GENUS   ICERYA. 

This  genus  includes  a  number  of  important  insects 
besides  Icerya  purchasi,  the  most  notew^orthy  being 
Iccrya  sacchari  (Signoret),  native  to  the  islands  of  Mau- 
ritius and  Bourbon,  and  exceedingly  destructive  to 
sugar-cane;  Iccrya  Egyptiacum  (Douglas),  to  be  found 
at  Cairo,  Egypt,  feeding  upon  Banyan  and  figs;  Icerya 
montscrratcnsis  (Riley  and  Howard),  Montserrat,  West 
Indies,  destructive  to  Cocoa,  Palms  and  Bananas.  Oth- 
er species  are  Icerya  rosae  (Riley  and  Howard),  de- 
scribed from  specimens  found  at  Key  West,  Fla. :  and 
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Icerya  Palmeri  (Riley  and  Howard),  collected  on  grape 
at  Sonora,  Mexico. 

ICERYA  PURCHASI   IN  OTHER  COUNTRIES. 

• 

From  Australia  this  pest  has  been  shipped  either 
directly  or  indirectly  into  Tasmania,  the  Sandwich  Is- 
lands, Mauritius,  St.  Helena,  New  Zealand,  South  Afri- 
ca, California,  Mexico,  Portugal,  and  Florida.  It  was 
also  observed  in  green-houses  at  Cambridge,  Massachu- 
setts, several  years  ago  by  Dr.  Hagen,  but  it  did  not 
establish  itself  there,  and  it  seems  questionable  if  it 
would  be  able  to  maintain  a  foothold  in  a  very  cold 
climate. 

It  has  practically  repeated  the  same  story  in  every 
land  where  it  has  been  newly  introduced,  and  is  always 
expected  to  carry  certain  destruction  among  many 
classes  of  plants,  particularly  among  those  of  the  Citrus 
family.  It  has  always  practically  defied  the  efforts  of 
the  fruit-grower  to  combat  it  by  artificial  means.  Im- 
portations of  the  Australian  lady-bird  have  always  been 
singularly  successful  in  reducing  this  scale  to  unimpor- 
tant numbers,  and  it  also  appears  that  certain  other 
agencies  may  play  no  insignificant  part,  during  some 
seasons  at  least,  in  keeping  it  in  subjection  in  Florida. 

HISTORY  IN  CALIFORNIA. 

It  is  believed  that  the  Icerya  was  first  introduced 
into  California  directly  from  Australia  upon  Acacia  lati- 
folia  by  Mr.  George  Gordon,  of  Menlo  Park,  about  1868 
or  1869.  At  all  events  the  insects  seemed  to  originate 
on  these  plants. 

They  attracted  Mr.  Gordon's  attention  two  or  three 
years  later  and  the  first  printed  reference  to  them  was 
published  in  the  proceedings  of  the  California  Academy 
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of  Science  in  1872.  Some  reports  received  by  this  soci- 
ety during  this  same  year  indicate  a  possible  spread  by 
this  time  of  several  miles  from  Menlo  Park. 

By  1886  the  pest  was  in  eight  different  counties  of 
the  state,  some  of  them  widely  separated  from  each 
other.  The  areas  of  infection  seemed  to  increase  even 
more  rapidly  during  the  next  three  years  and  many  of 
the  Citrus  growers  of  California  had  already  abandoned 
or  were  preparing  to  abandon  their  business,  when  the 
advent  of  the  lady-bird  happily  restored  the  confidence 
of  the  fruit-growers  and  the  Fluted  Scale  has  not  been 
a  very  important  factor  in  California  orange  culture 
since. 

The  suggestion  that  the  enemies  of  the  Fluted  Scale 
might  be  studied  with  advantage  in  their  native  home 
and  be  profitably  imported  into  this  country  was  due 
to  Prof.  Riley,  who  urged  upon  Congress  that  either 
an  appropriation  should  be  made  for  this  purpose,  or 
that  part  of  the  appropriation  given  to  the  Division  of 
Entomology  should  be  made  available  for  paying  an 
agent  to  travel  outside  of  this  country.  He  found  it 
impossible  to  secure  any  action  on  the  part  of  the  Na- 
tional Legislature,  although  his  efforts  in  this  direction 
w-ere  supported  by  the  representatives  from  California 
and  by  officials  of  the  California  Horticultural  Society. 
The  opportunity  was  finally  afforded  by  the  Melbourne 
Exposition.  Upon  request  of  Prof.  Riley,  supported 
by  other  friends  of  the  enterprise,  Secretary  Blaine  ar- 
ranged that  Mr.  A.  Koebele,  an  Entomologist  in  the 
employ  of  the  Department  of  Agriculture,  should  go  to 
the  Exposition  under  the  auspices  of  the  State  Depart- 
ment, and  was  given  leave  to  employ  his  spare  time  in 
making  the  desired  investigations.  During  the  sum- 
mer of  1888  large  consignments  of  parasitic  flies,  hym- 
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enoptera,  and  predaceous  insects  were  sent  by  Mr.  Koe- 
bele  to  Prof.  •  D.  \V.  Coquillett,  another  agent  of  the 
Department,  stationed  in  California.  These  were  care- 
fully colonized  upon  infested  trees  under  closed  tents, 
but  no  striking  success  was  attained  until  the  Austra- 
lian lady-bird  was  received,  which  at  once  proved  its 
valuable  qualities.  Something  like  one  hundred  and 
twenty-seven  specimens  were  received  and  from  the 
progeny  of  these  bugs  alone  California  was  completely 
stocked  and  practically  cleared  of  the  scale  in  about 
eighteen  months. 

The  following  letter  from  Mr.  A.  Chapman,  of  Cali- 
fornia, to  the  United  States  Department  of  Agriculture 
gives  some  idea  of  the  rapidity  with  which  the  lady-bird 
does  its  work  after  it  gets  a  good  start :  *'The  Vedalias 
that  you  brought  to  my  place  about  the  20th  of  last 
March  and  which  we  colonized  on  four  large  orange 
trees  that  were  covered  with  Fluted  Scale  have  spread 
in  all  directions,  although,  to  begin  with  they  follow^ed 
the  directions  of  the  wind  most  readily.  From  those 
four  trees  they  have  multiplied  so  rapidly  that  in  my 
orchard  of  three  thousand  trees  it  is  seldom  that  we 
can  now  find  a  Fluted  Scale.  I  find  a  few  of  them  on 
weeds  in  spots,  but  I  can  also  find  the  beetles  there. 
The  trees  have  put  on  a  new  growth  and  look  alto- 
gether different;  even  the  black  fungus  on  the  old 
leaves  has  loosened  its  hold  and  begins  to  fall  to  the 
ground.  Besides  having  cleaned  my  orchard  they  spread 
also  to  the  orchard  of  my  cousin  and  to  my  father's 
orchard;  the  latter  was  re-enforced  by  colonies  from 
Mr.  J.  W.  Wolfskin  and  from  Col.  J.  R.  Dobbins.  As 
my  father  has  some  ten  thousand  trees,  and  most  all 
were  more  or  less  infested,  the  Vedalias  had  a  grand 
feast  ahead  of  them,  and  they  have  done  their  work 
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most  wonderfully.  What  I  have  said  of  my  orchard  ap- 
plies to  my  father's  also,  and  really  to  all  our  neighbors'. 
Wlhen  the  Vedalias  first  began  to  multiply  we  took  col- 
onies of  fifty  or  more  in  the  pupa  state  and  placed  them 
in  different  portions  of  the  orchard,  and  even  had  we 
not  done  so  the  Vedalias,  unaided,  would  have  reached 
there  in  almost  the  same  time. 

'*On  the  Chapman  place  the  Vedalias  have  cleaned 
the  Fluted  Scale  off  of  the  one  hundred  and  fifty  acres 
of  land.  They  have  taken  more  than  an  oppressive 
burden  off  of  the  orchard  grower's  hands,  and  I  for 
one,  very  much  thank  the  Division  of  Entomology  for 
the  Vedalia  cardinalisy  the  insect  that  has  worked  a  mir- 
acle." 

Very  soon  after  the  lady-bird  had  done  its  work 
Prof.  W.  A.  Henry,  Director  of  the  Wisconsin  Agricul- 
tural Experiment  Station,  visited  California  and  writes 
thus  in  regard  to  his  observations  upon  the  result  of 
this  importation  of  the  Vedalias: 

**A  word  in  relation  to  the  grand  work  of  the  De- 
partment in  the  introduction  of  this  one  predaceous 
insect.*  Without  doubt  it  is  the  best  stroke  ever  made 
by  the  Agricultural  Department  of  Washington.  Doubt- 
less other  efforts  have  been  productive  of  greater  good, 
but  they  were  of  such  character  that  the  people  could 
not  clearly  see  and  appreciate  the  benefits,  so  that  the 
Department  did  not  receive  the  credit  it  deserved. 
Here  is  the  finest  illustration  possible  of  the  value  of 
the  Department  to  give  people  aid  in  time  of  distress. 
And  the  distress  was  very  great  indeed.  Of  all  scale 
pests  the  White  Scale  seems  the  most  difficult  to  cope 
with,  and  had  no  remedy  been  found  it  would  probably 
have  destroyed  the  Citrus  industry  of  the  State,  for  its 
spreading  to  every  grove  would  probably  be  only  a 
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matter  of  time.  It  was  the  Department  of  Agriculture 
at  Washington  which  introduced  the  Washington  Na- 
vel orange  into  South  California,  and  the  Department 
has  now  given  an  effective  remedy  for  the  w^orst  scale 
insect.  The  people  will  not  soon  forget  these  bene- 
ficial acts." 

ICERYA   PURCHASI    IN   FLORIDA. 

This  pest  seems  to  have  found  its  way  into  Florida 
through  a  curious  accident.  In  1893  Duncan  Bros.,  a 
firm  of  nurserymen  at  Keene,  Florida,  addressed  an  in- 
quiry to  a  California  party  regarding  the  merits  of  the 
lady-bug  and  as  to  the  possibilities  of  its  proving  useful 
against  some  of  our  common  Florida  scales.  These 
nurser}^men  affirm  that  they  did  not  request  that  any 
lady-bugs  be  sent,  but  merely  inquired  about  them. 
However,  their  correspondent  packed  up  a  number  of 
lady-bugs  and  also  enclosed  some  of  the  scales  for  the 
purpose  of  supplying  food  to  the  lady-bugs  on  their 
journey.  The  Duncans  say  further  that  they  were  not 
notified  that  the  scales  had  been  enclosed,  and  having 
no  knowledge  of  the  fact  that  the  lady-birds  would 
feed  upon  no  other  material  than  this  scale,  were  en- 
tirely unsuspicious  of  danger,  so  after  turning  the  lady- 
bugs  loose  they  innocently  left  the  box  in  which  they 
were  received  in  the  neighborhood  of  one  of  their 
grape-fruit  trees;  as  a  consequence  they  found  this  and 
some  of  the  adjacent  trees  infested  with  the  scale  a  few 
months  later.  This  consignment  of  lady-bugs  was  not 
sent  by  the  California  State  Board  of  Horticulture,  nor 
by  any  officials  connected  therewith,  according  to  the 
statements  of  Mr.  Craw,  chief  inspector  of  the  Califor- 
nia State  Board,  but  he  writes  to  Mr.  J.  A.  Duncan 
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(not  a  member  of  the  Duncan  nursery  firm)  that  he  has 
the  impression  that  one  of  the  County  Boards  of  Horti- 
culture in  that  State  sent  some  lady-bugs  to  Florida 
some  years  ago.  However,  we  have  only  been  able  to 
learn  that  the  scales  were  sent  by  some  horticultural 
official  in  California,  and  are  unable  to  say  definitely 
with  what  Board  he  was  connected,  though  Mr.  Craw 
gives  the  name  of  the  Board  which  is  believed  to  have 
sent  them.  Dr.  Howard,  writing  from  memory  of  the 
oral  report  made  by  Mr.  H.  G.  Hubbard  to  the  U.  S. 
Department  of  Agriculture,  gives  the  name  of  an  of- 
ficial belonging  to  the  same  Board  mentioned  by  Mr. 
Craw  as  the  responsible  party. 

Mr.  Duncan's  house  was  consumed  by  fire  a  few 
years  since  and  all  the  correspondence  relating  to  the 
matter  was  destroyed. 

We  suppose  it  is  more  charitable  to  say  that  the 
California  individual  who  bequeathed  this  ungracious 
legacy  of  his  official  service  to  the  orange  growers  of 
Florida  was  stupidly  thoughtless  rather  than  selfishly 
thoughtful,  or  perhaps  that  the  very  success  of  the  lady- 
bird in  California  had  so  far  removed  his  fears  concern- 
ing the  scale  that  he  believed  it  a  very  immaterial  cir- 
cumstance that  it  should  gain  a  foothold  elsewhere, 
since  it  could  be  controlled,  according  to  his  belief,  as 
readily  as  he  had  seen  it  done  in  his  own  State ;  but  the 
best  that  can  be  said  of  the  proceeding  is  that  it  was 
inexcusably  careless,  giving  it  the  most  charitable  con- 
struction possible ;  for  climate  or  other  conditions  some- 
times render  futile  in  one  country,  the  measures  that 
are  strilcingly  successful  in  another  part  of  the  world, 
and  the  expense  that  attaches  to  even  successful  meas- 
ures is  not  an  agreeable  burden  when  the  outlay  might 
have  been  avoided.    Nor  would  it  help  matters  to  plead 
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that  the  lady-birds  were  asked  for,  a  supposition  the 
truth  of  which  is  denied  by  the  Duncan  firm,  because 
were  it  granted  to  be  true,  from  any  moral  standpoint 
it  would  still  be  a  criminal  abuse  of  pnvilege  for  an 
official,  or  any  one  else  acquainted  with  the  nature  of 
this  pest,  to  send  it  anywhere  under  such  circumstances, 
even  if  it  were  requested  and  although  full  warning  was 
sent  with  it.  It  would  be  more  agreeable  to  confine 
oneself  to  stating  facts  without  comment,  and  we  would 
gladly  forego  writing  these  words  of  censure  except  that 
we  have  seen  some  and  have  heard  of  more  people  in 
Florida  to  whom  the  remarks  apply  equally  well.  To 
be  careless  regarding  the  infection  of  a  grove  within  the 
natural  area  of  infestation  is  bad  enough,  but  no  pa- 
tience whatever  can  be  exercised  with  those  who  deliber- 
ately and  knowingly  take  a  first-class  risk  of  infecting 
districts  many  miles  distant. 

When  specimens  of  the  scale  were  sent  by  the  Dun- 
can Bros,  to  the  United  States  Department  of  Agricul- 
ture for  identification,  Mr.  H.  G.  Hubbard  was  sent  to 
Keene  to  investigate  and  advise  wath  the  owners  of  the 
infested  grove.  The  infested  trees  were  cut  down  and 
burned  and  all  suspicious  stock  was  treated  in  the  same 
manner.  However,  the  scale  was  present  in  large  num- 
bers a  few  months  later  and  Prof.  Rolfs,  then  of  the 
Florida  Station,  paid  a  visit  to  the  locality  and  repeated 
the  processes  of  burning  and  destruction.  All  ground 
on  which  the  insect  was  suspected  to  be  present  was 
covered  with  straw,  chips,  and  litter,  which  w^as  then 
saturated  with  kerosene  and  set  on  fire.  Nothing  fur- 
ther was  heard  of  the  scale  in  Florida  until  November, 
1898,  when  Dr.  Howard  received  a  letter  from  Mr.  J. 
A.  Duncan  informing  him  that  it  was  in  evidence  again 
at  Clearwater  Harbor,  about  two  miles  from  the  place 
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where  it  originally  appeared.  Mr.  Hubbard,  residing 
at  Crescent  City,  Fla.,  received  the  same  information 
through  Mr.  D.  S.  Starr.  These  letters  were  referred 
to  the  Florida  Station  and  the  writer  made  a  visit  to  the 
infested  districts  during  the  last  week  of  February,  1899. 
We  learned  that  a  tramp  peddler  of  nursery  stock 
had  brought  some  stuff  to  Clearwater  about  two  years 
after  the  first  introduction  of  the  scale  in  1893,  and  had 
heeled  it  in  in  the  grove  which  was  found  to  be  most 
badly  infested.  This  was  believed  by  some  to  have  been 
the  source  of  a  second  introduction,  though  it  seems 
uncertain  that  he  brought  any  material  from  California. 
We  are  inclined  to  think  from  the  local  surroundings 
and  such  evidence  as  could  be  found,  that  there  was  but 
a  single  sending.  A  second  introduction,  made  in  such 
a  way,  within  two  years  after  the  first  was  thought  to 
have  been  exterminated,  and  within  two  miles  of  the 
original  site,  would  be  a  circumstance  even  more  strange 
than  the  original  infection. 

THE   INFESTED  AREA  AND  MEASURES  OF  SUPPRESSION. 

Upon  our  arrival  at  Clearwater  Mr.  J.  A.  Duncan 
courteously  conducted  us  over  the  infested  ground  so 
far  as  it  was  known  to  him.  We  found  the  insect  in 
small  numbers  upon  rose  bushes  in  about  half  a  dozen 
yards  in  the  town  of  Clearwater.  We  could  find  signs 
of  its  presence  in  but  one  orange  grove  at  this  time, 
namely,  that  of  Mrs.  Pierce.  We  found  it  in  greatest 
numbers  upon  an  imdergrowth  of  myrtles  near  the  rail- 
road track.  They  were  swarming  over  these  bushes  in 
great  numbers  and  in  all  stages  of  development.  We 
were  unable  to  find  any  living  scales  at  all  upon  Citrus, 
though  the  frayed  cushiony  sacs  of  dead  scales  could  be 


seen  here  and  there.  We  aJso  found  adult  specimens 
with  filled  egg  sacs  upon  two  or  three  different  species 
of  Sotidago.  During  this  season  of  the  year  the  myrtle 
seemed  to  be  the  favorite  food  plant  and  in  May  we  also 
found  them  upon  it  in  great  numbers,  but  in  very  small 
numbers  later  in  the  season.  As  this  plant  is  widely 
scattered  over  the  whole  State,  especially  over  those 
areas  upon  which  cattle  pasture,  it  has  proved  to  be  an 
important  factor  in  the  dissemination  of  the  scale.     We 


estimated  that  about  twenty  acres  of  land  might  be 
considered  infested  at  this  time,  though  we  could  find 
the  insect  only  here  and  there  within  this  area.  We  in- 
vestigated all  suspicious  territory  and  made  examina- 
tions of  all  suspected  orange  groves  for  some  five  miles 
out  of  town,  but  were  unable  to  find  any  trace  of  it  ex- 
cept within  the  corporation  limits. 

When  we  revisited  the  place  about  the  12th  of  May 
we  found  that  Mrs.  Pierce's  orange  grove  was  alive  with 


the  insect  and  that  the  myrtle  trees  and  bushes  were  so 
covered  with  it  that  we  were  able  to  saw  out  limbs  cov- 
ered with  great  white  patches  of  adutt  scales  for  photo- 
graphing purposes.  Some  of  the  myrtles  showed  evi- 
dence of  weakening  and  a  few  afterwards  died.  The 
orange  grove  before  mentioned  also  showed  the  effects 


of  the  intense  drain  upon  it,  and  at  this  time  we  doubted 
if  the  trees  would  survive  the  sea.son. 

Through  the  influence  of  Mr.  Jno.  Thompson  and 
some  of  his  interested  neighbors  the  Town  Council  of 
Clearwater  Harbor  appropriated  the  sum  of  $50.00  to 
be  expended  under  Mr.  Thompson's  direction  for  sup- 
pressing and  exterminating  the  insect,  Mr.  Thompson 
had  cut  and  burned  a  large  quantity  of  myrtle  bushes  be- 


3^4 


fore  our  arrival.  When  we  again  investigated  this 
cleared  area  in  July  we  could  find  but  very  few  scales 
where  there  had  been  millions  of  them,  and  as  most  of 
the  town  cattle  ranged  freely  over  this  land,  we  believe 
the  dissemination  of  the  scale  during  the  summer  was 
much   reduced   by   this   measure,   though   of  course   it 


would  have  been  too  much  to  hope  that  it  would  not 
eventually  replenish  its  numbers  over  the  same  ground. 
We  also  found  that  the  scale  was  known  at  this  time 
in  groves  some  five  miles  from  town  and  had  also  been 
observed  upon  myrtle  bushes  from  two  to  three  miles 
from  the  section  where  we  first  saw  it.  We  judge,  there- 
fore, that  part  of  this  additional  area  had  been  infested 
the  preceding  year,  but  that  the  numbers  of  the  insect 
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had  been  so  small  that  we  were  unable  to  find  it  during 
our  winter's  visit.  Some  of  the  groves,  however,  were 
known  to  have  become  infested  within  the  five  or  six 
preceding  months. 

While  upon  this  visit  we  had  a  meeting  with  Mr.  M. 
E.  Gillette,  of  Tampa,  who  had  seen  something  of  the 
scale  in  California.  Mr.  Thompson  had  approached  the 
Board  of  Commissioners  of  Hillsboro  county  for  the 
purpose  of  securing  an  appropriation  for  carrying  on 
the  work  of  suppressing  and  exterminating  the  scale 
and  the  Board  had  appointed  Mr.  Gillette  as  their  ad- 
viser and  to  confer  with  the  Entomologist  regarding  the 
most  advisable  steps  to  take.  As  a  result  of  our  con- 
ference Mr.  Gillette  recommended  that  the  Board  ap- 
propriate the  sum  of  $500.00,  or  so  much  thereof  as  nec- 
essary, to  be  expended  under  the  direction  of  the  Ento- 
mologist upon  warrants  signed  by  Mr.  Thompson.  Mr. 
Gillette's  recommendation  was  acted  upon  favorably  by 
the  Board  and  the  amount  -appropriated. 

We  visited  Clearwater  a  third  time  June  29th  and 
remained  on  the  field  until  August  23d.  At  this  time 
we  found  Mrs.  Pierce's  orange  grove  very  thickly  in- 
fested, though  perhaps  not  worse  than  w^hen  we  saw  it 
in  May,  and  many  other  groves  had  been  discovered  to 
contain  the  scale  in  small  numbers.  Probably  12  or  15 
different  groves  were  known  to  have  one  or  more  trees 
slightly  infested  by  this  date.  Some  of  these  groves 
were  located  outside  the  city  limits,  and  three  or  four  of 
them  at  a  distance  of  six  or  seven  miles. 

We  found  that  the  scales  had  practically  left  the 
myrtles  by  the  first  of  July,  very  few  specimens  now^  be- 
ing found  upon  this  plant.  The  trees,  on  which  great 
patches  of  them  had  existed  two  months  before,  were 
almost  clean  and  beginning  to  put  forth  a  new  and  vig- 
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orous  growth.  We  could  find  but  little  indication  of  the 
reasons  for  their  departure,  but  later  discoveries  enabled 
us  to  surmise  that  they  had  been  swept  off  by  disease. 
During  the  latter  part  of  the  summer  of  1899  the  scales 
steadily  decreased  in  numbers,  though  the  area  of  in- 
festation was  somewhat  extended.  The  numbers  beg^n 
to  replenish  about  the  first  of  the  year  1900  and  reached 
a  maximum  about  the  first  of  July.  By  this  date  every 
grove  in  Qearwater  seemed  to  be  infested  and  the  num- 
ber of  infested  outlying  groves  had  been,  perhaps,  more 
than  doubled.  The  pest  commenced  to  succumb  at  this 
date  to  various  enemies,  including  the  Australian  lady- 
bird, and  by  the  end  of  the  year  was  practically  extermi- 
nated. A  few  insects  yet  remain,  but  are  accompanied 
by  the  lady-birds. 

THE  FOOD  PLANTS. 

The  list  of  food  plants  of  this  insect  is  very  long  for 
the  insect  is  capable  of  living  for  a  time  upon  almost 
anything  in  the  shape  of  tree,  plant,  or  shrub,  but  it 
multiplies  most  rapidly  upon  a  few  favorite  plants.  The 
more  important  plants  listed  for  California  are  as  fol- 
lows: Pomegranate,  Quince,  Apple,  Peach,  Apricot, 
Fig,  Walnut,  Locust,  Willow,  Pepper,  Grape,  Rose,  Cas- 
tor Bean,  Spearmint,  Rose-geranium,  Purslane,  Ambro- 
sia, Polygonum,  Nettle,  Sweet-gum,  Verbena,  Veronica, 
the  Acacias,  Magnolia,  White  Oak,  Dwarf  Flowering 
Almond,  Pecan,  Grape,  Potato,  Nightshade,  Amaran- 
tus,  Chenopodium,  and  others.  We  have  seen  it  upon 
many  plants,  such  as  Purslane,  Coffee  Weed,  Bermuda 
Grass,  etc.,  under  the  trees,  but  this  sort  of  infestation 
must  be  regarded  as  accidental  rather  than  normal  and 
the  insect  in  such  abnormal  situations  is  itself  verv  sus- 
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ceptible  to  the  attacks  of  fungus  disease.  There  are  but 
few  plants  in  this  list  upon  which  it  would  thrive  to  such 
a  degree  as  to  become  uncontrollable  by  ordinary  meth- 
ods if  it  could  gain  no  access  to  others.  Dr.  Riley  ex- 
pressed the  opinion  in  1886  that  besides  the  Acacias  and 
the  Citrus  family  it  would  probably  be  unable  to  thrive 
on  many  other  trees  than  the  Quince  and  Pomegranate 
in  California.  We  can  certainly  add  Myrtle  and  possibly 
Mulberry  in  Florida.  After  Citrus,  Myrtle,  and  Mul- 
berry, we  have  observed  it  in  greatest  abundance  upon 
Rose  and  Solidago.  The  Pear,  the  Peach,  the  Apricot,, 
and  the  Apple  are  but  little  affected  by  this  scale.  We 
have  found  it  difficult  to  find  even  a  wandering  young^ 
scale  upon  a  Peach  tree  standing  in  an  orange  grove 
which  was  over-run  with  the  insect.  The  Pine  is  quite 
immune  from  attack,  though  it  is  recorded  in  New  Zea- 
land as  a  food  plant,  and  one  or  two  thickly  infested 
trees  are  reported  to  have  been  observed  in  Florida.  We 
have  personally  observed  the  insect  upon  Pine,  but  not 
in  large  numbers.  We  find  no  record  of  its  having  been 
observed  to  feed  upon  Pineapple,  but  it  is  not  improb- 
able that  it  would  injure  this  plant,  since  the  mealy-bug, 
a  not  distant  relative,  sometimes  infests  it  in  considera- 
ble numbers.  The  Fig,  Quince,  and  Pomegranate  are 
said  to  be  among  its  favorite  food  plants. 

CHARACTERS    AND    LIFE    HISTORY. 

The  following  descriptions  have  been  abbreviated 
from  the  writings  of  Riley  and  Howard  with  a  few  per- 
sonal observations  added : 

The  Egg. — The  egg  is  quite  smooth  and  elongate- 
ovate  in  form,  and  is  of  a  deep  orange-yellow  color.     Tt 
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is  about  0.7  mm.  in  length.  The  number  of  eggs  varies 
according  to  the  condition  of  the  plant  upon  which  the 
female  dwells,  the  season  of  the  year,  and  perhaps  from 
other  causes  also.  The  greater  the  number  of  insects 
upon  a  plant  the  fewer  will  be  the  eggs  produced  by 
the  insect.  Mr.  Koebele  has  counted  over  1,000  eggs 
from  the  sac  of  a  single  female,  and  we  have  found  spe- 
cimens containing  from  600  to  800.  The  time  required 
for  the  eggs  to  hatch  after  leaving  the  body  of  the  fe- 
male varies  with  the  temperature.  In  the  winter  season 
the  sacs  are  usually  large  and  filled  with  eggs,  while  in 
the  hottest  part  of  the  summer  the  number  varies  from 
one  or  two  dozen  to  several  hundred.  Some  eggs  col- 
lected by  Mr.  Koebele  on  March  18  did  not  hatch  until 
May  10,  but  in  midsummer  hatching  is  only  a  matter  of 
a  few  days.  A  female  with  the  Fluted  cushion  only  par- 
tially developed,  and,  therefore,  possessing  a  sac  con- 
taining eggs,  the  last  of  which  must  have  been  newly 
laid,  was  killed  and  confined  in  a  glass  jar  and  the  young 
scales  were  killed  as  fast  as  they  hatched,  our  supposi- 
tion being  that  the  last  eggs  hatched  would  very  nearly 
represent  the  time  required  in  July  for  incubation  after 
the  eggs  left  the  ovary.  The  last  insects  were  killed 
about  10  days  after  the  mother-scale  was  placed  in  the 
jar. 

The  Female  Larva. — First  Stage.  The  newly 
hatched  female  larva  is  red  in  color  with  a  somewhat 
yellowish  tinge,  inclining  towards  brown.  Tlie  outline 
of  the  body  is  ovoid,  and  is  convex  abov^e  and  flat  be- 
neath. To  the  unaided  eye  it  looks  like  a  mite  or  small 
spider.  The  antennae  are  oblong  and  six-jointed.  The 
last  joint  forms  a  club  which  broadens  out  at  its  tip. 
The  joints  are  sparsely  hairy  and  the  club,  in  addition 
to  several  short  hairs,  bears  near  its  tip  four  very  long 
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ones  which  are  longer  than  the  whole  antennae.  The 
legs  are  thin  and  brown  in  color.  The  eyes  are  com- 
paratively large  and  are  each  mounted  on  a  short  tu- 
bercle. At  the  tip  of  the  rounded  abdomen  are  six  small 
tubercles,  three  each  side  of  the  tip,  each  of  which  car- 
ries a  long  stout  hair  which  is  as  long  as  the  whole  body. 
The  body  above  shows  six  rows  of  pores,  four  along  the 
middle,  and  one  on  each  side.  More  or  less  regular 
rows  of  hairs  alternate  with  these  pores.  In  a  few  days 
after  hatching  the  exudations  from  the  pores  along  the 
back  appear  as  two  distinct  rows  of  yellowish  or  whitish 
wax,  the  two  rows  approaching  each  other  and  nearly 
coalescing  before  the  first  moult.  The  male  larva  is 
seemingly  identical  with  the  female  at  this  stage  of 
growth,  since  they  have  never  been  separated,  though 
we  as  well  as  the  agents  of  the  U.  S.  Department  of 
Agriculture  have  carefully  studied  numbers  of  larvae 
with  this  purpose  in  view. 

The  Female  Larva. — Second  Stage.  It  is  more 
rounded  and  appears  less  stout  than  in  the  first  stage. 
The  antennae  have  the  same  number  of  joints,  6,  but 
the  relative  proportions  of  the  corresponding  joints  are 
quite  different.  As  a  whole  they  are  relatively  much 
shorter.  The  eyes  do  not  appear  on  the  margin  of  the 
body,  and  are  only  seen  on  a  ventral  view.  The  legs  are 
proportionately  much  shorter.  The  trochanters  are 
much  shorter  and  consequently  form  a  broader  triangle 
in  shape.  The  six  tubercles  and  the  end  of  the  tip  are 
still  present,  but  the  hairs  which  they  bear  are  much 
shorter.  Th6  secretory  pores  are  no  longer  aranged  in 
rows,  but  are  scattered  sparsely  over  the  back  and  under 
the  sides.  The  back  is  more  hairy  and  the  short  black 
hairs  occur  in  irregular  tufts.  The  waxy  secretion  on 
the  back  is  more  abundant,  but  is  no  longer  in  lines, 
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EXPLANATION   TO    PLATE. 

THE  COTTONY   CUSHION-S<'ALK. 

Fig.   I. — Outline  of  the  egg — greatly  enlarged. 

Fig.  2. — Dorsal  view  of  newly-hatched  larva — greatly  enlarged. 

Fig-  3- — A  female  larva,  second  stage,  ventral  view — greatly  en- 
larged; b,  antenna  of  same — still  more  enlarged. 

Fig.  4. — Female  larva,  third  stage,  ventral  view — greatly  enlarged. 

Fig.  5. — Adult  female,  fourth  stage,  dorsal  view — greatly  enlarged: 
a,  antenna — still   more  enlarged. 

Fig.  6. — Greatly  magnified  portion  of  lateral  border  of  adult, 
showing  base  of  glassy  filaments. 

Fig-  7- — Male  larva,  second  stage,  ventral  view — greatly  enlarged 

Fig.  8. — Male  pupa,  ventral  view,  greatly  enlarged. 
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conforming  instead  to  the  change  in  the  distribution  of 
the  pores. 

The  Female  Larva. — Third  Stage.  The  body  is 
broadly  oval  in  shape,  reddish  brown  in  color,  but  is  ob- 
scured more  or  less  by  the  thick,  curly,  cottony  excre- 
tion. The  antennae  are  now  9-jointed  instead  of  6  and 
are  sub-cylindrical,  narrowing  somewhat  from  base  to 
tip.  The  insect  as  a  whole  is  much  more  hairy  than  in 
either  of  the  previous  stages.  The  hairs  arc  short  and 
black  and  grow  together  in  tufts.  They  are  thickly 
scattered  over  the  thorax,  but  less  so  over  the  abdomen, 
and  may  be  seen  in  tufts  above  the  edge  of  the  body. 
The  secretory  pores  are  irregularly  scattered  all  over  the 
back  and  are  more  numerous  than  in  the  previous 
stages.  They  also  occur  on  the  lower  edges  of  the  body. 
Around  the  edge  of  the  body  is  a  row  of  larger  pores, 
brown  in  color,  each  with  a  circular  crown  or  lip  at  the 
tip,  from  which  proceeds  a  long,  fragile,  glassy  tube. 
The  legs  and  feet  are  a  little  stouter  than  before.  The 
six  anal  hairs  are  still  present  though  hardly  noticeable 
as  they  protrude  from  the  mass  of  shorter  hairs. 

The  Adult  Female. — Fourth  Stage.  Immediately 
after  the  moult  by  which  the  insect  passes  into  this  stage 
it  is  free  from  the  waxy  execretion  and  presents  a  broad- 
ly oval  form  with  two  prominent  raised  surfaces  on  the 
second  and  third  thoracic  segments.  Its  color  is  still 
reddish  brown,  with  several  dark  spots  along  the  front 
sides,  and  along  the  sides  of  the  posterior  part  of  the 
body,  while  the  antennae  and  legs  are  black.  Just  after 
the  insect  in  any  stage  has  withdrawn  from  its  old  shell 
in  moulting  the  legs  are  perhaps  the  most  transparent 
and  whitish  parts  of  the  body:  but  they  begin  to  darken 
in  about  a  half  hour  and  within  two  hours  are  black  in 
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this  stage,  and  as  dark  as  they  become  in  the  preceding 
stages.  The  antennae  are  1 1 -jointed,  the  club  being  one 
and  one-half  times  as  long  as  joint  number  lo.  The 
whole  body  is  furnished  with  tufts  of  short  black  hairs 
which  are  gathered  into  a  parallel  row  around  the  edge 
of  the  body.  The  secretory  pores  are  very  numerous, 
occurring  in  enormous  numbers  beneath  the  sides  of  the 
body  and  scattered  more  sparsely  over  the  back.  The  in- 
ner row  of  tufts  on  the  back  is  broken  at  its  anal  point  by 
a  depression,  in  which  is  situated  a  very  large  pore  from 
which  the  insect  occasionally  ejects  a  globule  of  semi- 
liquid  honey-dew.  This  depression  is  surrounded  by  an 
irregular  ring  of  hairs,  which  are  yellowish  in  color  in- 
stead of  black.  The  glassy  filaments  described  in  the 
last  stage  are  now  very  long  and  radiate  from  the  body 
in  almost  every  direction.  They  break  off  very  easily, 
yet  they  often  reach  a  length  double  that  of  the  insect 
and  her  egg-sac  together. 

The  Egg  Sac. — Just  as  the  body  of  the  fe- 
male begins  to  swell  from  the  eggs  forming 
inside,  the  beginning  of  the  egg  sac  is  made. 
The  insect  lies  flat  on  the  bark.  The  edges 
of  the  body  turn  slightly  upward,  and  the  waxy  mate- 
rial of  which  the  sac  is  composed  begins  to  issue  from 
numberless  pores  on  the  under  side  of  the  body,  but 
more  especially  along  the  sides  below.  As  the  secretion 
advances  the  body  is  raised,  the  head  end  still  being 
attached,  until  the  insect  is  apparently  standing  on  its 
head,  nearly  at  right  angles  to  the  surface  to  which  it  is 
attached.  The  egg-laying  commences  as  soon  as  the 
thin  layer  of  secretion  has  begun  on  the  inner  side  of  the 
abdomen  and  it  continues  during  the  formation  of  the 
sac.     Around  the  edge  of  the  abdomen  there  soon  ap- 
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pears  a  narrow  ring  of  white  felt-like  wax,  which  is  di- 
vided into  a  number  of  flutings.  These  fliutings  grow  in 
length  and  a  mass  of  eggs  and  wax  under  them  increases, 
forcing  the  female  upwards  until  the  sac  is  completed. 
When  complete  it  is  from  two  to  two  and  one-half  times 
the  length  of  the  female's  body.  It  is  of  a  snow-white 
color.  The  outside  is  covered  with  fifteen  of  these  longi- 
tudinal ridgings  or  flutings  of  about  equal  size,  except 
that  the  middle  one  is  smaller  than  the  others.  The 
upper  part  of  the  sac  is  firm  in  texture,  but  the  low^er  is 
looser  and  thinner  and  from  the  inner  side  the  young 
make  their  escape  after  hatching.  The  size  of  the  sac 
and  length  of  time  required  for  its  growth  depend,  leav- 
ing the  weather  and  the  health  of  the  food  plant  out  o\ 
consideration,  upon  the  number  of  eggs  which  the  fe- 
male deposits.  The  excretion  of  the  egg-sac  continues 
as  long  as  oviposition  lasts. 

It  probably  requires  from  60  to  90  days  to  complete 
the  egg-sac  from  the  time  of  its  beginning.  The  length 
of  time  depends  largely  upon  the  health  of  the  tree  on 
which  the  insect  is  located  and  also  upon  the  number  of 
insects  infesting  it.  Development  is  much  more  rapid 
upon  vigorous  than  upon  sickly  trees. 

The  Male  Larva. — Second  Stage.  This  stage  of 
the  male  larva  differs  from  the  corresponding  stage  of 
the  female  in  its  more  slender  form,  longer  and  stouter 
legs,  and  longer  and  stouter  antennae.  The  legs  and 
antennae  are  not  only  relatively  longer  and  stouter,  but 
are  absolutely  so.  The  body  is  more  hairy  than  that  of 
the  corresponding  female  stage.  The  antennae  are  six- 
jointed  and  the  joints  have  the  same  relative  propor- 
tions as  in  the  female.  The  secretory  pores  are  not  quite 
so  numerous  as  in  the  female. 

The  Male  Larva. — Third  Stage.    In  this  last  larval 
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Stage  the  male  is  readily  recognized  from  any  other 
stage  with  the  naked  eye.  Its  body  is  narrower,  more 
elongate,  more  flattened,  and  the  insect  is  more  active 
than  the  female.  The  general  color  is  also  more  dull 
than  that  of  the  female.  The  body  is  almost  naked,  be- 
ing very  sparsely  covered  with  short,  white,  cottony 
matter,  and  is  destitute  of  the  short  black  hairs  seen  on 
the  female  during  the  third  and  fourth  stages.  The 
antennae  are  9-jointed.  The  average  length  when  full 
grown  is  about  3  mm.  and  width  about  i  mm. 

The  Male  Pupa  and  Cocoon. — When  the  male 
larva  is  grown  and  is  ready  to  transform,  it  seeks  a  place 
of  concealment,  finally  secreting  itself  under  a  bit  of 
projecting  bark,  under  leaves  in  the  crotch  of  a  tree,  or 
under  some  mass  of  females.  It  often  descends  to  the 
ground  and  hides  under  clods  of  earth,  beneath  fallen 
leaves,  or  under  boards,  and  in  cracks  in  the  ground. 
When  its  movements  are  interfered  with  by  prolonged 
and  violent  rain,  it  pupates  wherever  it  may  happen  to 
be  upon  the  trunk  or  branches  of  the  tree.  It  exudes  a 
delicate,  flossy  substance  to  form  the  cocoon.  This  ma- 
terial is  waxy  in  character,  but  lighter,  more  flossy,  and 
less  adhesive  than  that  of  which  the  egg-sac  of  the  fe- 
male is  composed.  When  the  cocoon  has  reached  the 
proper  length  the  larva  casts  its  skin  which  remains  in 
the  posterior  end  of  the  cavity,  and  pushes  itself  forward 
into  the  middle  of  the  cocoon.  The  pupa  is  of  the  same 
general  color  as  the  larva  and  also  of  the  same  general 
form  and  size.  The  pupa  stage  apparently  lasts  about 
three  weeks. 

The  Adult  Male. — The  adult  male  is  a  winged  in- 
sect with  dark  red  body,  grayish  wings,  and  of  very 
slender,  fragile  structure.  The  antennae  are  dark  col- 
ored and  have  two  whorls  of  light  hairs  extending  from 


each  joint,  except  joint  i.  When  the  insect  is  at  rest 
the  wings  lie  flat  upon  the  back.  It  is  readily  found  in 
situations  where  the  male  larvae  have  pupated,  under 


l.rrya  fMrckaii  (Riirv.  I>iv.  'It  Km.,  U.  ».  IVpi.  of  ,l)ir..  Aim.  Rri.iiri.  IHSB.)  >, 

boards,  beneath  cracks,  and  in  the  general  litter  of  the 
grove. 

THE    NUMBER    OF    BROODS. 

There  are  supposed  to  be  about  three  generations 
per  year  in  California,  and  the  length  of  life  of  any  par- 
ticular individual,  commencing  with  the  egg.  probably 
extends  anywhere  from  three  or  four  to  six  months. 
Mr.  Koebele  observed  some  individuals  hatched  from 
eggs  on  the  4th  of  March  that  cast  their  last  moult  on 
the  23d  of  May.  This  would  make  about  94  days,  allow- 
ing 10  days  for  the  eggs  to  hatch  ;  this  added  to  an  esti- 
mate of  60  to  90  days  for  the  formation  and  completion 
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of  the  egg-sac  would  give  a  life  time  of  about  six 
months;  but  under  some  circumstances  we  are  confi- 
dent that  they  mature  in  much  shorter  time,  possibly  in 
4  months. 

HABITS. 

The  larvae,  in  the  first  and  second  stages,  settle  upon 
the  leaves  and  twigs,  generally  arranging  themselves  in 
rows  beside  the  mid-ribs  and  along  the  veins  of  the 
leaves.  In  the  third  stage  they  prefer  to  settle  upon  the 
smaller  twigs,  though  some  remain  upon  the  leaves  and 
a  few  travel  to  the  larger  branches  and  trunk.  The 
adults  always  prefer  the  trunk  and  larger  branches, 
though  they  sometimes  develop  upon  the  leaves.  They 
are  very  rarely  found  upon  the  fruit.  In  any  stage  the 
scale  is  quite  active,  and  during  all  the  larval  stages  or 
throughout  the  greater  part  of  its  life  it  travels  freely, 
but  can  move  in  a  very  limited  way  after  reaching  the 
adult  stage.  The  tendency  of  the  insects  is  to  crawl 
upwards,  and  when  they  are  washed  from  the  trees  in 
large  numbers  by  rain,  or  are  shaken  off  by  the  wind, 
they  will  collect  in  great  numbers  upon  the  top  of  bar- 
rels, posts,  or  any  standing  object  beneath  the  trees, 
and  some  of  them  at  least  will  starve  to  death  rather 
than  descend.  Both  sexes,  in  their  larval  stages,  are 
most  active  during  the  hotter  parts  of  the  day,  and  re- 
main stationary  at  night,  but  the  winged  male  is  rather 
sluggish  during  the  day,  l:)ecoming  active  during  the 
latter  part  of  the  afternoon  just  before  dusk,  at  which 
time  copulation  occurs. 

One  of  the  most  characteristic  accompaniments  of 
the  scale  is  the  black  or  smutty  appearance  of  the  leaves 
and  trunks  of  the  trees  which  they  infest.  This  appear- 
ance is  due  to  the  growth  of  a  black  mold,  Meliola,  in  the 
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honey-dew  which  is  excreted  by  the  females  in  large 
quantities.  Plant-lice  and  other  Coccide  also  excrete 
honey-dew  in  large  quantities,  so  the  appearance  is  a 
very  common  one  where  any  of  these  insects  occur. 
Sometimes  the  excretion  is  so  plentiful  that  it  falls  in 
drops,  reminding  one  of  a  sprinkle  of  rain,  and  again, 
especially  in  the  early  morning,  the  drops  are  sometimes 
suspended  by  slender  glassy  threads  of  syrup,  remind- 
ing one  of  glass  bulbs  blown  on  the  end  of  fine  capillary 
stems. 

METHODS  OF  DISSEMINATION. 

The  modes  of  spread  are  various  and  depend  upon  a 
number  of  different  agencies.  The  insects,  when  very 
numerous,  cling  with  a  light  hold  to  the  branches  of  the 
trees  so  that  many  of  them  probably  let  go,  and  they  are 
so  light  of  body  that  they  may  be  carried  a  considerable 
distance  by  the  wind.  The  wind  is  also  apt  to  carry 
them  uix>n  the  webs  of  gossamer  spiders  which  are  often 
present  upon  the  same  trees  with  the  Icerya,  They  are 
also  transported  upon  the  feet  of  birds,  lady-birds,  the 
feet  of  predaceous  or  honey-loving  insects,  in  the  hair  of 
animals,  and  upon  the  clothes  of  men.  Perhaps  the  most 
important  mode  of  dissemination  is  by  the  shipment  of 
nursery  stock.  Mr.  Koebele  gives  the  following  inter- 
esting observation  regarding  the  agency  of  the  wind: 
*'In  the  infested  part  of  Los  Angeles  is  a  large  vineyard, 
on  both  the  north  and  south  sides  of  it  is  an  orange 
orchard  infested  by  these  insects,  but  w^hile  the  recently 
hatched  insects  occur  on  vines  as  far  out  as  the  loth  row 
of  grape-vines,  on  the  south  side  of  the  vineyard,  they 
are  not  found  upon  the  vines  beyond  the  third  row  on 
the  north  side,  the  wind  as  stated  above  blowing  from 
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the  southwest.  No  adult  females  are  to  be  found  on 
any  part  of  this  vineyard,  and  the  young  insects  must 
have  been  carried  by  the  wind  from  the  infested  orange 
trees  on  either  side  of  the  vineyard. 

Although  other  agencies  may  perhaps  have  had  as 
much  or  more  to  do  with  the  distribution  of  the  Icerya 
in  Hillsboro  county,  the  general  effect  of  the  wind  may 
be  observed  from  the  fact  that  the  insect  is  scattered 
more  generally  to  the  eastward  than  in  any  other  direc- 
tion, except  in  a  few  cases  to  the  northward  and  south- 
ward, where  domestic  animals  are  known  to  have  been 
the  source  of  infection.  Mr.  HoHis  believes  that  his 
grove,  situated  about  one  mile  from  the  centre  of  the 
infection,  became  infested  through  the  agency  of  birds. 
He  observed  that  the  worst  infested  tree  contained  a 
nest,  and  that  the  branches  near  the  nest  were  infested 
worse  than  any  other  part  of  the  tree.  Mr.  W.  McMul- 
len,  living  in  the  neighborhood  of  Largo,  about  six  miles 
south  of  Clearwater,  purchased  some  cattle  about  Christ- 
mas time,  1898,  that  had  been  wandering  over  the  in- 
fested prairie  near  Clearwater  Harbor  and  turned  them 
into  his  grove,  wishing  to  fertilize  the  land  in  this  way. 
This  prairie  was  not  known  to  be  infested  at  the  time  of 
the  purchase.  In  April  following  he  found  a  few  of  his 
trees  infested  by  the  scale  in  small  numbers. 

Another  grove  is  believed  to  have  become  infested 
through  the  agency  of  a  couple  of  vagabond  dogs  that 
were  in  the  habit  of  wandering  among  the  bushes  and 
myrtles  about  Clearwater,  and  which  came  to  the  grove 
and  amused  themselves  by  digging  out  a  Florida  "sal- 
amander.*' Sometime  afterwards  some  trees  near  the 
place  where  the  dogs  had  been  digging  were  observed 
to  be  infested. 

It  must  be  remembered  that  the  myrtle,  Myrica  cerif- 
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era,  is  one  of  the  favorite  food-plants  of  the  Icerya  and 
that  it  is  widely  scattered  over  the  entire  State,  espe- 
cially over  those  areas  upon  which  cattle  pasture  and, 
therefore,  must  be  a  most  important  factor  in  scattering 
the  insect  in  Florida. 

NATURAL  ENEMIES. 

We  have  already  noticed  that  the  Icerya  is  kept  it% 
effectual  check  in  Australia  by  Noznus  cardinalis  and 
other  enemies.  This  lady-bird,  as  we  have  seen,  became 
famous  for  the  work  that  it  did  in  California.  It  has 
been  equally  successful  in  every  land  into  which  it  has 
been  introduced.  Mr.  R.  Allan  Wight,  of  Auckland  and 
New^  Zealand,  gives  the  following  account  of  its  w^ork 
in  the  columns  of  the  Garden  and  Field,  published  at 
Adelaide,  South  Australia:  "It  may  interest  some  of 
your  readers  to  hear  news  of  your  native  lady-bird,  Vc- 
dalia  cardinalis,  which  has  done  such  good  service  of  late 
years,  both  in  New  Zealand  and  California,  against 
Icerya  purcJiasi.  It  will  be  remembered  that  the  beetle, 
although  native  to  Australia,  has  never  been  any  other 
than  an  inconspicuous  and  rare  insect  in  its  own  country, 
and  that  it  was  in  New  Zealand  that  it  first  shone  out 
in  all  the  glory  of  a  conqueror  of  one  of  the  greatest  of 
known  pests.  Some  two  years  ago  everything  seemed 
white  around  Auckland  with  the  clustering  Icerya,  a 
great  many  orange  and  lemon  trees  (including  one  en- 
tire lemon  orchard)  were  dead,  and  the  prospect  was  as 
gloomy  as  could  be,  till  J\'dalia  (which  had  been  acci- 
dentally imported  from  Australia)  appeared  on  the 
scene.  Astonishing  as  it  may  seem  to  be,  and  incredi- 
ble, within  one  year  hardly  any  of  the  scales  were  left, 
and   the   ladv-birds   had   also   disappeared.     Tlie   little 
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beetles  are  rank  cannibals  when  pressed  by  hunger,  and 
as  no  one  was  able  to  discover  any  other  food  but  Icerya 
upon  which  they  will  feed,  it  was  feared  that,  in  the 
absence  of  IceryOy  they  would  become  extinct.  There- 
fore considerable  uneasiness  was  felt  when,  some  time 
ago,  the  scale  again  began  to  increase  rapidly,  and 
spread  everywhere,  and,  as  yet,  no  Vedalia  were  to  be 
seen. 

*'On  the  8th  of  April  last  I  arrived  in  Auckland  to 
see  \vhether  it  would  not  be  possible  to  procure  a  few, 
when  I  found  that  in  the  meantime  they  had  again  ap- 
peared and  cleared  off  the  accumulated  Icerya  with  an 
incredible  celerity,  and  then  vanished  for  a  second  time. 
Even  in  a  distance  of  30  miles  from  the  city,  where  only 
at  the  end  of  last  December  I  had  seen  many  thousands 
of  Icerya  females,  with  full  ovisacs  and  larvae  without 
number,  only  nine  ovisacs  of  eggs  and  about  50  scales 
could  be  obtained  wherewith  to  feed  any  Vedalia  that 
might  be  procured  on  a  voyage.  On  all  the  Acacia 
hedges  around  Auckland  in  every  direction  for  miles 
and  miles  where  formerly  buckets  full  of  ovisacs  could 
have  been  gathered  in  a  few  chains  there  was  not  a  scrap 
of  even  a  torn  one  to  be  seen,  and  in  all  the  nurseries, 
whose  owners  had  formerly  been  in  despair,  not  one  sin- 
gle specimen  of  either  insect  was  to  be  procured.  Only 
after  many  days  of  fruitless  search  an  Acacia  hedge  was 
come  upon  where  79  Vedalia  were  procured  and  sent  to 
Nelson,  an  intended  shipment  to  the  Cape  of  Good  Hope 
having  been  abandoned.  From  observation,  which  it  is 
needless  to  particularize,  the  following  conclusions  were 
arrived  at:  (i)  The  Vedalia  has  unquestionably  some 
other  food  resources  besides  Icerya  and  its  cannibal  prac- 
tices, although  it  could  not  be  determined  at  the  time: 
(2)  that  in  its  first  attack  upon  Icerya  it  runs  over  the 
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enemy  and  leaves  a  few  eggs  (two  or  three)  in  some  5  or 
6  per  cent,  of  the  ovisacs,  and  it  is  these  and  the  few 
larvae  which  escape  that  found  the  second  Iccrya  inva- 
sion ;  (3)  that  the  beetles  keep  on  the  hedges  all  through 
the  winter  months,  although  so  hidden  as  not  to  be  easily 
captured,  without  a  net ;  (4)  that  the  Vedalia  larvae  soon 
perish  for  want  of  food,  but  in  the  imago  state  they  will 
live  for  a  very  long  time,  probably  nearly  throughout 
their  natural  life,  feeding  upon  their  own  eggs,  which 
they  devour  as  soon  as  laid;  (5)  that  this  exhausting 
system  of  warfare  will  very  soon  cause  both  insects  to 
become  exceedingly  rare,  but  that  Icerya  will  always 
have  a  great  advantage  in  its  food  being  abundant  and 
always  at  hand,  whereas  that  of  Vedalia  is  at  best  un- 
certain and  doubtful/' 

From  the  Report  for  the  year  1896,  by  Mr.  C.  P. 
Lounsbury,  Government  Entomologist  of  the  Cape  of 
Good  Hope,  we  quote  as  follows:  **The  insect  (Iccrya) 
was  reported  in  South  Africa  by  Roland  Trimen  in  1877; 
it  has  been  known  by  him  since  1873,  and  was  first  ob- 
served in  the  Botanical  Gardens  at  Cape  Town.  Grad- 
ually it  extended  its  range  through  all  parts  of  the  col- 
ony and  neighboring  states,  everywhere  proving  de- 
structive, especially  to  all  kinds  of  Citrus  trees.  As  in 
other  countries,  all  sorts  of  remedial  measures  were 
adopted,  but  none  proved  of  much  value.  The  cultiva- 
tion of  Citrus  fruits  and  some  of  the  other  favorite  food 
plants  of  the  insect  was  rapidly  becoming  impossible  in 
the  country,  when  natural  checks  appeared  and  stayed 
the  invasion  in  a  manner  unparalleled  in  the  annals  of 
Entomology.  These  natural  checks,  which  are  preda- 
ceous  lady-birds,  are  now  prevalent  in  every  locality  fre- 
quented by  the  scale  and  suffice  to  keep  it  reduced  to 
small  numbers.    There  still  remain  many  isolated  farms 
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in  different  parts  of  the  colony  not  yet  reached  by  the 
scale,  and,  consequently,  neither  by  the  enemies  of  the 
scale.  These  places  have  most  to  fear  from  an  out- 
break." 

The  predaceous  lady-birds  referred  to  by  Mr.  Louns- 
bury,  are  the  Vcdaliay  which  were  obtained  and  intro- 
duced from  California,  and  another  lady-bird  known  as 
Rodolia  iccryac,  probably  a  native  of  South  Africa,  and 
which  also  seems  to  have  quite  a  liking  for  the  scale. 
We  further  quote  from  Mr.  Lounsbury's  Report :  *'Upon 
isolated  farms,  and  perhaps  even  in  small  towns  where 
there  is  little  for  the  scale  to  infest,  it  may  occasionally 
happen  that  both  the  scale  and  its  lady-bird  enemy  be- 
come extinct,  the  former  from  the  attack  of  the  latter, 
which  in  turn  dies  for  want  of  food.  In  such  a  case  the 
scale  may  spread  and  cause  much  damage  if  again  in- 
troduced, but,  fortunately,  the  lady-bird  seldom  extermi- 
nates the  scale,  simply  keeping  it  reduced  to  uninjurious 
numbers.  These  numbers,  of  course,  are  subject  'o  con- 
siderable variation.  Sometimes  a  plant  or  two  become 
considerably  infested  before  the  lady-bird  puts  in  its  ai>- 
pearance,  but  given  a  little  time  it  will  almost  invariably 
come.  Therefore,  the  appearance  of  the  scale  on  a  few 
plants  is  no  cause  for  anxiety,  except  on  isolated  farms, 
or  in  small  towns  where  it  has  hitherto  never  been 
known,  or  has  been  entirely  absent  for  a  long  period. 
The  Vcdalia  is  not  known  to  attack  any  other  scale  in- 
sect  than  the  Australian  bug  in  South  Africa :  and  it  is 
undoubtedly  this  lady-bird,  not  the  Rodolia,  that  now 
holds  the  scale  in  check  in  most  parts  of  the  colony. 

*'When  the  Australian  bug  anywhere  in  this  colony 
increases  to  an  alarming  degree  a  few  specimens  of 
either  Vcdalia  or  Rodolia  should  be  procured  and  liber- 
ated on  one  of  the  infested  trees.     The  procurement  of 


the  lady-birds  may  be  attended  with  some  difficulty.  As 
has  been  explained  they  are  constantly  present  about 
the  large  towns,  but  so  well  do  they  keep  their  prey  in 
subjection,  that  they  are  never  long  to  be  found  at  any 
one  place,  and  several  hours  or  even  days  may  be  spent 
in  searching  for  them  before  the  requisite  number  is  ob- 
tained." 

THE    LADY-BUG    IN    FLORIDA. 

One  lot  of  lady-bug  larvae  was  sent  us  by  Mr.  Craw, 
of  the  California  State  Board  of  Horticulture,  in  Feb- 


ruary. 1899,  but  were  delayed  on  the  road  by  snow- 
storms, reaching  Lake  City  on  the  date  of  our  last  big 
freeze,  February  13th.  They  were  all  dead  upon  ar- 
rival. Other  consignments  of  both  adults  and  larvae  were 
sent  directly  to  Clearwater  in  May  and  June.  Adults 
were  invariably  dead  upon  arrival,  and  their  eggs  in  the 
shipping-cases  were  too  dry  to  hatch.  Larvae  and  pu- 
pae came  through  in  good  condition  and  from  them 
somewhere  between  two  dozen  and  thirty  adult  bugs 
were  hatched,  kept  under  close  observation  until  they 
were  observed  to  have  copulated,  after  which  they  were 
confined  for  a  short  time  in  a  large  sack  upon  thickly 
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infested  limbs,  so  as  to  insure  the  deposition  of  their 
eggs  before  they  flew  to  other  trees.  As  we  were  not 
expecting  a  sudden  onslaught  from  a  fungus  disease, 
we  naturally  put  our  lady-bugs  upon  the  worst  infested 
trees  to  be  found  in  the  worst  infested  grove.  It  was 
but  two  or  three  weeks  from  the  time  the  lady-bugs  were 
liberated  until  a  fungus  struck  the  scales,  and  we  sup- 
pose that  the  lady-bug  larvae  must  have  perished  from 
want  of  scales  to  feed  upon,  unless  they,  like  the  scales, 
withered  before  Florida  rain  and  heat.  We  hoped  that 
some  of  the  bugs  had  gone  to  other  trees  than  the  ones 
upon  which  they  were  turned  loose,  since  they  were  con- 
fined in  the  sack  not  more  than  12  or  15  hours,  or  over 
night,  and  that  many  lady-bugs  would  appear  in  the 
grove  later,  but  nothing  was  ever  known  to  develop. 
The  trees  upon  which  the  bugs  were  liberated  were  al- 
most wholly  free  from  scales  in  April,  but  later  support- 
ed them  in  numbers.  We  attribute  the  temporary  dis- 
appearance of  the  scales,  however,  to  fungus  disease  and 
native  predaceous  insects,  and  not  to  a  probability  that 
any  lady-bugs  had  anything  to  do  with  it.  We  instruct- 
ed our  correspondents  to  keep  a  careful  watch  on  the 
field  and  report  to  us  later  in  the  season  if  circumstances 
seemed  to  favor  a  new  introduction. 

In  December  letters  from  two  Clearwater  corre- 
spondents indicated  that  the  scales  were  sufficiently  nu- 
merous in  some  groves  to  warrant  the  belief  that  the  in- 
troduction of  the  lady-bug  would  prove  successful.  We 
therefore  wrote  to  the  California  Board  on  the  2d  of 
January,  informing  them  of  the  situation  and  our  desires, 
but  learned  that  their  colonies  were  low  and  they  could 
not  supply  us  with  bugs  until  the  latter  part  of  May. 
However,  Mr.  Kimball,  a  gentleman  stopping  in  Clear- 
water,   succeeded,   through  the   request   of  the    Fruit 
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World,  in  getting  a  consignment  from  one  of  the  Coun- 
ty Boards  of  Horticulture,  at  San  Diego.  California, 
about  the  middle  of  April,  and  the  bugs  were  turned 
loose  upon  an  infested  tree  in  accordance  with  instruc- 
tions received  along  with  the  insects.  While  no  obvious 
explanation  for  their  failure  to  propagate  can  be  given, 
no  subsequent  trace  of  them  could  ever  be  found.  It  is 
possible  that  they  were  not  wasted,  but  that  their  prog- 
eny became  mixed  with  that  of  later  importations  of 
bugs,  colonized  at  no  great  distance  from  them,  though 
we  have  no  evidence  to  suggest  such  a  probability. 

Three  colonies  of  insects  were  sent  to  Clearwater  by 
Mr.  Craw,  under  date  of  May  28;  one  of  them  was  sent 
to  Mr.  Thompson,  at  our  request,  the  two  others  being 
sent  to  Mr.  H.  C.  Markley  by  request  of  his  brother,  a 
resident  of  California.  We  instructed  Mr.  Thomson  to 
have  an  infested  tree  tented  with  cheese  cloth  for  the 
reception  of  the  insects  upon  their  arrival,  as  previous 
experience  in  putting  bugs  upon  open  trees  had  failed  to 
give  satisfactory  results.  Mr.  Markley,  after  conference 
with  Mr.  Thomson,  adopted  the  same  plan,  using  can- 
vas instead  of  cheese  cloth.  One  of  his  colonies  was 
placed  upon  a  tree  standing  in  his  yard  in  Clearwater, 
and  the  other  by  Mr.  Thomson's  advice  was  sent  to  the 
grove  of  Mr.  Wm.  McMullen,  about  seven  miles  from 
town.  The  rainy  season  setting  in  at  about  this  time, 
and  fearing  another  onslaught  of  fungus,  we  wrote  Mr. 
Thomson  about  ten  days  after  he  received  the  lady-bugs 
to  remove  the  tent  and  give  them  the  freedom  of  the 
grove.  This  suggestion  was  at  once  put  into  practice 
by  Mr.  J.  H.  Brown,  who  had  been  placed  in  immediate 
charge  of  the  insects,  and  who  advised  Mr.  Markley  to 
pursue  a  similar  course.  The  heavy  covering  upon  the 
colony  at  Mr.  McMullen's  grove  was  not  removed  so 
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soon,  and,  as  a  consequence,  the  insects  did  not  do  nearly 
so  well.  W'e  made  an  examination  about  one  month 
after  the  insects  were  loosed  and  found  larvae  well  scat- 
tered over  perhaps  twenty  different  trees,  adjacent  to 
the  one  upon  which  they  were  liberated,  and,  while  they 
were  not  so  widely  scattered  at  Mr.  Markley's  place,  they 
were  much  more  readily  found  in  numbers. 

Since  some  caution  must  be  exercised  in  choosing 
trees  upon  which  to  plant  colonies,  if  embarrassment 
from  fungus  was  to  be  wholly  avoided,  we  spent  a  day 
with  Mr.  Brown  in  going  over  the  infested  territor}^  and 
arranged  to  have  him  take  charge  of  the  work  of  dis- 
tributing bugs  over  all  the  infested  district  as  soon  as' 
sufficient  material  could  be  procured. 

During  August  and  September  the  bugs  got  under 
such  headway  that  to  use  the  language  of  Mr.  Brown, 
**It  was  as  if  a  fire  had  gone  through  the  scales,''  the 
whole  country  being  practically  cleaned  up  by  October 
I.  An  inspection  made  about  the  last  of  January,  1901, 
discovered  only  a  few  scales  in  a  single  grove  in  Clear- 
water. Mr.  Brown  reported  that  both  scales  and  lady- 
bugs  were  present  in  a  grove  about  six  miles  from  town, 
but  he  knew  of  their  being  present  nowhere  else.  Let- 
ters dated  since  April  i  report  that  lady-bug  larvae  are 
present  in  both  groves  referred  to,  from  which  it  seems 
that  the  South  African  experience  is  to  be  repeated  in 
Florida,  and  that  we  can  depend  upon  the  lady-bug  re- 
maining with  us  as  a  fixture.  We  doubt  if  it  would  be 
practicable  to  maintain  an  artificial  propagating  estab- 
lishment for  lady-bugs  with  our  present  resources  and 
conditions.  The  area  of  infestation  appears  to  us  to  have 
become  sufficiently  large  to  warrant  the  belief  that  the 
lady-bug  will  remain  permanently  upon  the  field  despite 
the  slender  food  supply  available  in  autumn,  and  that 


the  chances  for  its  permanent  retention  have  been  great- 
ly increased  by  the  failure  to  get  it  successfully  estab- 
lished in  1899.  Some  means  should  be  provided  by 
Hillsboro  county  or  by  the  State,  by  which  a  record  can 
be  kept  of  where  it  shall  have  been  last  seen,  and  col- 
onies can,  therefore,  be  secured  for  infested  spots  from 
which  it  is  absent.  Under  ordinary  circumstances  much 
less  than  $100  per  annum  will  be  sufficient  for  this  pur- 
pose. Localities,  Hkely  to  become  infested,  are  apt  to 
be  at  some  distance  from  Clearwater  rather  than  in  its 
vicinity. 

Life-History  and  Habits  of  the  Lady-Bird. — 
Each  female  lays  from  150  to  upwards  of  200  orange- 
red  eggs,  depositing  from  one  to  three  or  more  beneath 
the  Icerya  or  on  the  side  of  the  cottony  egg-nests.  The 
eggs  hatch  in  less  than  a  week,  usually  in  5  or  6  days, 
when  the  young  larvae  burrow  into  the  egg-masses  from 
below  and  consume  the  eggs ;  later  they  attack  all  stages 
of  the  Icerya,  the  adults  agreeing  with  the  larvae  in  habit. 
The  larva  completes  its  grow-th  in  about  3  w^eeks,  when 
it  attaches  itself,  head  downward,  to  bark  or  leaf,  and 
pupates.  In  two  or  three  days  the  skin  splits  open  along 
the  back  exposing  the  pupa  to  view\  The  pupa  stage 
lasts  about  a  week  when  the  adult  beetle  emerges  with 
general  reddish  color  and  black  markings.  Two  black 
crescents  with  convex  sides  turned  tow'ard  each  other 
are  conspicuous  on  each  wing  cover.  Egg-laying  begins 
in  a  day  or  two  after  the  adults  emerge.  The  insects  are 
known  to  feed  only  upon  the  Icerya  and  their  own  kind. 
The  females  often  devour  their  own  eggs  and  the  strong- 
er larvae  the  weaker  ones  when  food  is  scarce.  The 
adults  live  for  several  weeks. 

Native  Enemies  of  the  Scale. — At  the  beginning 
of  our  investigations,  July,  1899,  we  were  able  to  find 
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some  trees  thickly  infested  with  scales,  which  were  be- 
ing rapidly  consumed  by  a  small  caterpillar  which  we 
were  soon  able  to  identify  as  Loctilia  coccidivora,  an  in- 
sect hitherto  recorded  as  feeding  upon  the  Lecaniiim 
scales,  Pulvinaria,  mealy  bug,  the  wax  scales,  the  cochi- 
neal insect,  and  at  times  upon  the  armored  scales.  Mr. 
H.  G.  Hubbard,  in  speaking  of  this  insect,  writes  as  fol- 
lows : 

**  Underneath  the  covering  of  web  the  caterpillars  of 
Dakruma  (Loetilia)  move  back  and  forth  actively  en- 
gaged in  removing  the  bark-lice  from  the  bark  and  sus- 
pending them  in  the  investing  web.  Nothing  could  be 
more  thorough  than  their  work.  Branches  incrusted 
with  Lecanium  scales  are  very  quickly  cleared  of  the  lice, 
and  the  Dakruma  larvae  do  not  cease  to  extend  their 
operations  until  every  individual  coccid  in  the  colony 
has  been  lifted  from  its  place  and  securely  fastened  in 
the  web  above. 

"While  constructing  their  galleries  the  caterpillars 
stop  occasionally  to  feed  upon  the  coccids.  At  such 
times  they  seldom  finish  their  repast,  but,  like  busy 
workmen  as  they  are,  hastily  snatch  a  bite  or  two  by  way 
of  lunch,  and  suspend  the  half-devoured  fragments  in 
their  web.  When  the  entire  scale  colonv  has  been  se- 
cured  within  its  net  the  Dakruma  larva  rests  from  its 
labors  and  feeds  at  leisure  upon  the  coccids  suspended 
in  the  larder.  It  devours  not  only  the  eggs  and  the 
young  and  the  softer  parts  of  the  bark  lice,  but  even  to 
some  extent  the  harder  skin  or  scale.  The  result  of  its 
operations  upon  Lecanium  and  Ccroplastcs  scales  is  to 
utterly  annihilate  the  colonies  of  these  insects  which 
they  attack." 

What  Mr.  Hubbard  observes  of  this  insect  in  connec- 
tion with  the  Lecaniums  and  Ccroplastcs  we  also  affirm 
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of  it  in  regard  to  the  Cottony  Cushion  Scale.  We  were 
curious  for  a  long  time  to  learn  if  the  Loetilia  would  be 
able  to  catch  up  with  the  scale  in  the  course  of  a  season, 
since  the  young  scales  fasten  upon  the  leaves  of  the  trees 
and  only  upon  reaching  maturity  go  to  the  trunk  and 
limbs  where  the  caterpillars  make  their  webs.  \\>, 
therefore,  had  these  trees  upon  which  the  caterpillars 
were  in  greatest  numbers  carefully  inspected  at  inter- 
vals, and  under  date  of  September  22  our  correspond- 
ent, Mr.  Duncan,  wrote  that  these  trees,  which  had  at- 
tracted our  special  interest,  were  "pretty  well  rid  of  the 
old  bugs,  but  there  were  a  good  many  young  ones  on 
the  leaves.'' 

An  inspection  of  these  trees  made  by  the  w'riter, 
April,  1900,  disclosed  a  scale  here  and  there,  but  they 
were  practically  free.  The  trees  were  not  greatly  in- 
jured, and  although  white  with  Icerya  last  summer,  they 
appeared  at  this  date  to  have  suffered  more  and  to  be 
in  greater  danger  of  injury  from  the  long  scale,  Mytilas- 
pis  gloverii,  than  from  Icerya  pitrchasi.  Observations 
upon  the  same  trees  in  July,  1900,  showed  considerable 
Icerya  upon  them,  and  the  caterpillars  just  beginning  to 
put  in  their  appearance.  One  of  the  trees  became  in- 
fested just  badly  enough  to  attract  notice  in  1899,  but 
it  seemed  impossible  for  any  of  the  scales  uix>n  it  to 
reach  maturity  before  they  were  attacked,  and  only  a 
few  larvae  could  then  be  found  upon  the  leaves.  At  the 
time  of  the  last  examination  referred  to,  this  tree  was 
thickly  infested,  while  its  near  neighbor,  which  was  coat- 
ed with  the  pest  the  preceding  summer,  w'as  in  much 
better  shape  and  not  suffering  a  great  deal,  though  still 
threatened.  In  1899,  ^^'^  found  the  same  caterpillar  scat- 
tered everywhere  over  the  infested  district  and  multiply- 
ing rapidly.     Among  the  myrtles  and  even  in  places 
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where  would  be  found  an  isolated  infested  tree,  half  a 
mile  or  more  away  from  others,  we  found  this  little  cat- 
erpillar at  work,  and  often  in  numbers.  We  do  not  recall 
an  instance  of  finding  an  infested  locality,  whether  con- 
taining one  or  many  trees,  where,  by  diligent  search,  we 
did  not  find  the  Loetilia  also.  In  the  forks  of  the  trees 
just  now  discussed,  where  the  scales  had  gathered  in 
great  white  patches,  covering  in  total  several  square  feet 
in  area  upon  a  single  tree,  it  was  almost  impossible  to 
find  an  adult  that  had  not  been  eaten  out  and  the  egg- 
mass  completely  destroyed.  The  caterpillar  seemed  to 
be  not  present  with  the  first  brood  of  scales,  which  ap- 
parently hatched  in  January  or  February,  nor  with  the 
second  brood,  which  in  very  general  terms  may  be  said 
to  appear  about  the  first  of  May,  but  the  moths  must 
issue  some  time  during  June,  for  the  caterpillars  arc  to 
be  found  during  the  first  week  in  July  and  are  abundant 
by  August.  We,  therefore,  consider  it  probable  that 
these  insects  feed  only  upon  the  third  and  subsequent 
straggling  broods  of  scales  that  appear  in  the  fall.  The 
broods  of  Icerya  so  overlap  each  other  and  appear  so 
irregularly  that  their  separation  is  not  very  readily 
made. 

We  found  a  number  of  other  predaceous  insects,  han 
vest  mites,  forficulas,  lace  wings,  etc.,  feeding  upon  this 
scale,  some  of  them  possessing  a  considerable  degree  of 
efficiency.  The  work  of  none  of  these  insects  can  be 
considered  equal  to  that  of  the  Australian  lady-bug,  for 
the  reason  that  their  modes  of  attack  are  different,  and 
the  caterpillars,  wJiich  alone  agree  in  habit  with  the  lady- 
bugs  in  eating  the  nests,  will  not  go  out  upon  the  leaves 
hunting  for  their  dinners.  However,  it  must  be  said  in 
their  favor  that  they  are  natives  of  Florida,  that  they 
feed  upon  other  insects  than  the  Cottony  Cushion  Scale, 
and  that  they  will  never  be  absent,  nor  become  lost,  nor 
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need  artificial  propagation  in  order  to  secure  their  per- 
petuity. 

Fungous  Disease. — During  the  season  of  1899  a 
fungous  disease  which,  as  yet,  had  received  no  biological 
study,  but  determined  by  Mr.  Ernest  Bessey  to  belong 
in  the  family  Pliyniatasporac,  destroyed  more  scales  than 
any  other  agency.     The  first  diseased  specimens  were 
found  on  the  12th  of  July  upon  certain  badly  infested 
orange  trees,  and  a  few  days  later  we  noticed  that  the 
weeds  and  undergrowth  of  this,  the  w^orst  infested  grove 
in  Florida,  especially  in  damp  situations,  were  covered 
w4th  the  remains  of  slaughtered  scales.  We,  therefore, 
impatiently  awaited  a  shower  of  rain,  and  from  the  23d 
to  the  26th  of  July  were  favored  with  a  continuous 
downpour,  accompanied  with  heat,  as  much  as  14  or 
16  inches  of  water,  at  the  very  least,  coming  down  in 
y2  hours.    We  examined  the  trees  upon  which  the  fun- 
gous was  discovered,  at  the  conclusion  of  the  storm. 
while  it  was  still  raining,  and  found  them  enveloped  in 
a  white  winding  sheet  of  dead  scales  from  the  trunks 
to  the  tips  of  the  leaves.  We    estimated  that  not  less 
than  ninety-five  per  cent,  of  the  scales  in  all  stages  had 
perished.     About    a    month    later    we   estimated    that 
not  more  than  one  scale  in  a  thousand  was  living  upon 
W'hat  had  been  the  worst  infested  trees  in  the  grove, 
and  the  few  living  ones  that  could  be  found  were  new- 
ly hatched  larvae,  a  few  of  the  eggs  in  the  egg-sacs  ap- 
parently   not    having    been    completely   destroyed    by 
the  fungus.     During   the    month    following  the  heavy 
rain  mentioned  we  had  but  one  or  two  light  showers, 
so   the    conditions   for   the    rapid    growth    and    spread 
of  the    fungus    were  not  so  favorable  as  they  might 
have  been.     Notwithstanding  the  drought  at  the  time 
of  our  departure  from  Clearwater  on  the  23d  of  Au- 
gust  there   was   hardly   an   infested   tree   upon   which 
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the  fungus  was  not  established,  and  trees  that  gave  no 
evidence  of  it  two  weeks  before  now  had  many  diseased 
specimens.  It  seems  certain  that  the  air  was  at  this 
time  full  of  the  floating  spores  of  the  disease,  and  that 
in  our  naturally  moist  atmosphere,  with  the  help  of  the 
dews,  the  disease  is  enabled  to  gradually  progress,  even 
when  comparatively  dry.  After  the  disease  is  established 
upon  a  few  specimens  located  in  different  quarters  of  a 
tree  a  driving  rain  will  drench  the  remainder  with  spores, 
and  in  a  short  time  afterwards  the  tree  is  largely  cleared 
of  the  scale.  The  egg-sac,  when  wholly  or  partially 
formed,  furnishes  sufficient  protection  to  the  eggs  and 
newly  hatched  insects  beneath  to  render  improbable  the 
complete  annihilation  of  the  bugs  for  several  weeks,  but 
trees  inhabited  by  scales  in  the  various  larval  stages  are 
practically  freed  of  them  in  a  few  days. 

Mr.  Duncan,  writing  under  date  of  September  22, 
reported  that  the  bugs  in  the  grove  before  mentioned 
were  decreasing:  that  the  fungus  was  affecting  them 
very  badly ;  he  could  scarcely  find  one  that  was  not  af- 
fected, and  that  while  some  trees  in  the  grove  still  har- 
bored young  scales,  the  fungus  was  to  be  found  upon  all. 
He  further  reported  that  about  95  per  cent,  of  the  insects 
in  some  other  groves  that  were  just  beginning  to  show 
the  presence  of  the  fungus  at  the  time  of  our  departure 
were  dead,  and  the  owners  stated  that  where  ten  scales 
existed  three  weeks  earlier  not  more  than  one  could  be 
found  at  the  date  of  writing.  The  fungus  was  found 
present  in  a  number  of  groves  in  the  latter  part  of  April, 
1900,  and  by  the  15th  of  July  following  the  scales  in  the 
myrtle  thickets  were  nearly  all  dead  through  its  agency, 
and  from  25  to  75  per  cent,  of  those  in  infested  groves 
were  dead,  with  the  disease  rapidly  spreading  and  daily 
increasing  in  virility.     That  this  disease  and  the  native 
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insects  mentioned,  possess  capabilities  of  immense  value 
for  subduing  the  insect  during  some,  and  perhaps  we 
mav  sav  all  seasons,  we  do  not  doubt,  but  it  should  still 
be  remembered  that  without  the  lady-bug  present  the 
scale  multiplies  "vigorously  during  certain  periods  of  the 
year  and  that  it  is  capable  of  inflicting  great  damage 
during  this  time.  The  third  brood  of  scales  is  w-ell  on 
the  way  to  maturity  before  any  of  those  native  destroy- 
ing agencies  appear. 

SPRAYS   AND    WASHES. 

The  experience  of  several  growers  at  Clearwater  has 
shown  that  the  scale  may  be  almost  exterminated  by  the 
free  and  persistent  use  of  resin-wash  or  kerosene  appli- 
cations. When  the  Norcius  is  slow  about  putting  in  its 
appearance  two  or  three  applications  about  a  month 
apart  will  do  much  to  reduce  injury.  Not  more  than 
three  treatments  per  season  should  be  given  if  it  can  be 
avoided,  and  more  than  one  or  at  most  two  per  year  are 
apt  to  w-eaken  the  trees  if  continued  through  a  series  of 
years.  The  standard  kerosene  emulsion  may  be  used,  or 
15  per  cent,  of  kerosene  in  mechanical  mixture  with 
water  may  be  applied  w^th  a  Gould  or  Deming  pump. 
Such  applications  should  not  be  given  during  the  bloom- 
ing period,  nor  until  the  fruit  is  a  quarter  grown,  unless 
the  destruction  of  the  scales  is  a  greater  consideration 
than  the  saving  of  the  crop. 

FUMIGATION. 

Fumigation  of  infested  trees  with  hydrocyanic  acid 
gas  is  the  most  efficient  of  artificial  remedies,  and  is  ac- 
complished with  little  danger  to  the  tree.  It  is  but  little 
used  on  account  of  its  comparativ^e  cost.  It  destroys 
lady-bugs  as  well  as  scales. 
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SUMMARY  OF   IMPORTANT   CONCLUSIONS. 

1.  Iccrya  purcliasi  is  in  Florida  to  stay.  It  is  not 
known  to  exist  elsewhere  than  within  a  radius  of  seven 
or  eight  miles  of  Clearwater. 

2.  If  uncontrolled,  it  would  imperil  and  perhaps  de- 
stroy the  Citrus  industry  of  the  State  in  a  very  few 
vears. 

3.  It  is  scattered  by  wind,  birds,  animals,  men  and 
nursery  stock. 

4.  Its  most  successful  enemy  is  the  Australian  lady- 
bug,  Noz'ius  cardinalis. 
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5-  Nozius  is  established  in  Florida  and  will  ir  all  like- 
lihood remain  with  us  permanently. 

6.  The  scale  is  in  perfect  control  at  tV     j;  esent  time. 

7.  Dangerous  outbreaks  of  the  scale  apt  to  occur 
outside  of  the  infested  district  rather  tli:     m  it. 

8.  The  scale  will  at  times  become  mewhat  threat- 
ening, but  will  be  found  by  the  U.'l\  •  ug  if  only  a  few 
months'  time  be  given. 

9.  A  local  inspector  in  the  1.  sted  district  can  be 
profitably  employed  by  Couiv  >  State  to  keep  himself 
informed  as  to  the  develop-  •  of  both  scale  and  lady- 
bug  and  to  collect  and  dis  )i  :e  the  latter  when  neces- 
sary. 

10.  Native  enemies  and  diseases  of  the  scale  are  great 
helps  in  suppressing  it,  but  cannot  be  relied  upon  alone. 
They  confine  their  work  mostly  to  the  third  brood  of 
scales. 

11.  While  waiting  temporarily  for  lady-bugs  an  ap- 
plication of  resin-wash,  kerosene  emulsion,  or  mechani- 
cal mixture  of  kerosene  and  water  is  useful. 
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TOP- WORKING  PECANS. 

Interest  in  the  pecan  industry  is  steadily  increasing, 
not  only  in  our  own  State,  but  in  others  of  the  Southern 

■ 

States  as  well.  Since  the  publication  last  year  of  Bulletin 
No.  54,  Pecan  Culture,  A  Preliminary  Report,  the  author  has 
visited  many  pecan  groves  of  the  State  during  the  fruiting 
season,  and  has  been  forcibly  struck  by  the  fact  that  very 
large  numbers  of  small,  inferior  nuts  are  produced.  This  is 
not  as  it  should  be,  and  the  fact  that  such  is  the  case  is  but 
proof  of  the  foUy  of  planting  nuts  or  seedling  trees.  These 
are  seedling  groves  and  doubtless  they  are  the  outgrowth  of 
the  very  best  selected  nuts.  True,  a  considerable  propor- 
tion of  seedling  trees  produce  good,  sizable  nuts,  but  scores 
produce  inierior  nuts,  but  little  larger  than  chinquapins, 
and  it  is  a  fact  which  cannot  be  gainsaid  that  the  seedhng 
pecan,  up  to  the  time  of  fruiting,  is  an  unknown  quantity, 
after  which  it  is  too  often  a  disappointment.  It  is  not  neces- 
sary to  say  that  such  trees  are  unprofitable,  and  the  ques- 
tion naturally  arises,  what  is  to  be  done  with  them?  Only 
two  answers  can  be  given;  one  is,  cut  them  down  and  plant 
budded  or  grafted  trees  of  desirable  varieties.  The  other 
is,  top- work  them.  It  is  needless  to  say  choose  the  latter, 
but  do  not  work  over  all  the  trees  in  the  grove  simply 
because  they  are  seedlings.  Those  which  produce  a  goodly 
quantity  of  marketable  nuts  should  by  all  means  be  allowed 
to  remain;  top-work  the  remainder. 

Realizing  the  importance  of  the  question  asked  and 
answered  above,  considerable  attention  has  been  given  to  the 
matter.  The  fact  that  top-working  of  pecan  trees  can  be 
successfully  done  has  been  placed  beyond  the  shadow  of  a 
doubt,  as  evidenced  in  the  grove  of  Dr.  J.  B.  Curtis,  of  Or- 
ange Heights.  Photographs  are  shown  of  some  of  the  top- 
worked  trees  or  portions  of  them,  and  much  valuable  infor- 
mation has  been  secured  from  the  work  done  there.  Pecan 
trees  have  been  successfully  top-worked  in  Louisiana  and 
others  of  the  Gulf  States,  but  it  is  extremely  doubtful 
whether  the  work  can  be  successfully  done  at  any  great  dis- 
tance North.     This  is  due  to  the  climatic  conditions. 


MErrHODS. 

Trees  may  be  top-worked  at  any  age,  but  the  same  line 
of  procedure  should  not  be 
adopted  in  all  cases.  Figure  1 
shows  the  sprouts  from  an  old 
stump  in  which  dormaut  buds 
have  been  inserted, 

Plate  No.  m  is  from  a  photo- 
graph of  a  ten  year  old  seedling 
trunk,  bearing  a  three  year  old 
Vau  Deman  top. 

Plate  No.  n.  Figure  3  is  that 
of  an  old  tree,  top-worked  by 
cutting  back  and  grafting  the 
branche.s.  It  is  best  to  insert 
both  buds  and  grafts  in  parts 
having     smooth     bark,     though  ^''''j^'-   ""bodBofbuddinKandtrraft- 

graftS    can    be     placed    in  rough-    y,    Dormantbuds  inserted  la  sprouts. 

barked  parts  as  weU.  Fre-  '■  ^uca!'  """  "'""'  '"^  '"^'^ 
quently  trees  are  in  a  very  undesirable  condition  for  top- 
working,  and  it  should  be  borne  in  mind  that  those  branches 
nearest  the  center  of  the  tree  will  give  the  beat  results. 
More  food  material  is  directed  into  them  and  in  consequence 
the  inserted  buds  or  grafts  make  a  more  rapid,  satisfactory 
growth.  If  the  tree  is  not  in  good  shape  for  working;  i.  e. , 
if  no  branches  of  desirable  size  and  age  are  found  in  conveni- 
ent  place,  the  tree  should  be  trimmed  to  a  pollard,  cutting' 
the  main  branches  back  to  stubs,  and  when  shoots  have 
started  from  these,  they  should  be  grafted  or  budded.  In 
about  six  months  from  the  time  the  adventitious  buds  have 
started,  under  average  conditions,  buds  or  grafts  may  be 
inserted. 

The  method  of  procedure  depends  upon  the  size  and  age 
of  the  tree  and  upon  whether  the  tree  is  to  be  budded  or 
grafted.  In  grafting,  the  portions  above  the  point  of  inser- 
tion of  the  grafts  must  be  removed  at  the  time  the  operation 
is  performed,  while  if  a  veneer-shield  or  annular  bud  is  in- 
serted, this  is  not  the  case.     In  top-working  old  trees  only  a 
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portion  of  the  branches  should  be  worked  at  one  time,  for  if 
the  whole  top  be  removed,  the  tree  suffers  a  severe  shock;  it 
may  be  killed  outright,  if  not,  its  vitality  is  much  reduced. 
Two  or  three  years  must  elapse  before  the  whole  top  of  an 
old  tree  can  be  worked  over,  removing  and  replacing  a  por- 
tion of  the  top  each  season. 


x.WC 


Cut  1.    CioDS.    l -3  CurtLs;  4 -6  Van  Deman. 

7-8  Stuart, 

1  Poor  CioD.  loDfT,  slender,  pithy. 
2-4  &  7-8  CioDs  from  1  yr.  growth. 
3  Cion  partly  one.  partly  two  years  old. 
6  Cion  with  cut.  back  of  tip. 
8  Cion  which  bore  fruit  at  a. 

With  yQung  trees  three  or  four  years  old  or  older,  if  of 
small  size,  the  whole  top  can  be  removed  at  one  time,  and 
grafts  or  buds  inserted  in  the  main  branches,  or  in  some 
cases,  in  the  trunk. 

The  practice  of  taking  cions  and  buds  from  young  trees 
which  have  never  borne  or  from  nursery  stock  cannot  be  too 
strongly  condemned.     They  should  be  cut  only  from  thrifty, 
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vigorous,  prolific  trees.  Even  trees  of  the  same  variety  differ 
in  these  things,  and  a  thorough  knowledge  of  what  a  tree 
will  do  and  has  done  is  the  only  true  guide  in  the  selection  of 
cions.  It  is  a  well-known  fact  that  desirable  qualities  can  be 
reproduced  and  perpetuated  by  grafting.  Furthermore,  if 
grafts  QT  buds  be  taken  from  good  bearing  trees,  fruit  may 
be  secured  from  top-worked  trees  in  two  years,  and  the 
third  year  a  considerable  number  of  nuts  is  usually  ob- 
tained. Cut  I,  Fig.  8,  shows  a  graft  from  a  Stuart  tree 
which  would,  without  doubt,  produce  nuts  at  an  early  date 
after  insertion.  The  point  (a)  is  where  a  nut  was  borne  the 
past  season. 

Grafts  should  be  selected  from  well  matured  stock  of 
one  year's  growth.  Cut  I,  Pig.  1,  shows  an  undesirable  cion. 
The  wood  is  angular,  small,  the  internodes  long,  and  the  pith 
large  in  proportion  to  the  diameter.  Either  terminal  por- 
tions of  twigs  may  be  used  or  portions  back  of  the  tip,  but 
the  buds  should  always  be  well  developed,  fuU  and  plump. 
Cut  I,  Figs.  2  and  6.  For  this  reason  grafts  should  not  be 
cut  from  wood  far  back  from  the  tip  of  the  branch.  As 
stated  already,  twigs  of  the  previous  season's  growth  are 
generally  used,  but  cions  composed  partly  of  two-year-old 
wood  may  be  used,  provided  the  growth  is  not  too  large. 
Cut  I,  Fig.  3,  shows  one  of  these.  Grafts  are  generally  cut 
about  five  or  six  inches  long  and  should  be  from  one-quarter 
to  three-eights  of  an  inch  in  thickness. 

It  is  best  that  the  grafts  be  cut  while  still  in  a  dormant 
state,  and  as  noted  later,  inserted  in  the  stock  just  before 
growth  starts.  The  cions  may  be  kept  for  a  considerable 
length  of  time  by  placing  them,  loosely  packed,  in  damp 
moss  or  saw  dust,  in  a  box.  The  box  should  be  covered  over 
with  earth  and  the  cions  kept  sufficiently  moist  to  prevent 
drying  out.  The  difference  in  the  condition  of  the  stock  and 
cion,  it  should  be  understood,  is  not  absolutely  necessary,  as 
good  results  are  frequently  obtained  without  these  precau- 
tions, but  in  grafting  the  pecan  a  difference  in  dormancy  is 
extremely  desirable,  and  is  an  important  factor  in  securing 
good  results. 
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For  bud  sticks,  well  developed  one-year-old  branches, 
one-half  to  seven-eighths  of  an  inch  in  diameter  and  on  which 
the  buds  are  well  formed,  are  selected.  Such  sticks  fre- 
quently show  three  buds  at  a  node  (Pig.  6),  and  if  some  mis- 
fortune should  overtake  one  or  two  of  these,  there  is  still  a 
chance  of  success,  though  the  upper  one  being  the  strongest 
is  generally  the  one  which  starts,  provided  it  is  uninjured 
and  the  bud  takes.  The  degree  of  maturity  of  the  bud  is 
important  and  care  should  be  exercised  that  only  those 
which  are  plump,  full  and  well  developed,  are  used.  It  is 
easy  to  distinguish  between  desirable  and  undesirable  buds. 

GRAFTING. 

Grafting  should  be  done  in  spring  or  just  at  the  time  the 
buds  start,  from  the  middle  of  February  to  the  middle  of 
March  being  about  the  season  for  Northern  and  Western 
Florida.  The  preference  is  for  the  latter  part  of  the  season, 
provided  there  is  not  too  much  work  to  be  done,  because  the 
growth  will  soon  start  and  there  is  less  danger  of  misfortune 
to  the  graft,  and  the  conditions  are  more  favorable  for  a  good 
union.  Trees  may  be  grafted  on  the  trunk  if  small.  If  of 
medium  size,  the  operation  should  be  performed  on  the  main 
branches  a  little  way  from  the  trunk,  and  if  large,  the  grafts 
should  be  inserted  on  the  branches  farther  up  from  the 
trunk.  The  attempt  should  not  be  made  to  bud  or  graft  over 
the  whole  top  of  a  large  tree  in  one  season.  Only  a  few 
branches  should  be  worked  each  year,  and  in  the  course  of 
three,  four  or  five  years,  depending  upon  the  size  of  the  tree, 
the  old  top  can  be  entirely  replaced  by  the  new  variety. 

Two  methods  of  grafting  may  be  used,  cleft  and  whip  or 
tongue,  but  the  latter  can  only  be  used  on  smaU  branches, 
(less  than  one  inch)  while  the  former  method  can  be  used  on 
large  stock.  A  modification  of  cleft  grafting,  known  as  cleft 
sap  grafting,  has  been  used  in  Florida  with  success.  The 
latter  method  is  used  on  the  larger  size  of  stocks  and  does 
not  materially  differ  from  cleft  grafting,  except  that  the 
clefts  are  made  to  one  side  of  the  center Jand  frequently  two 
are  made  in  the  stock  in  place  of  one.  This  latter  method  is 
to  be  preferred  for  the  working!  of  very  large  stocks.     If  the 
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cuts  are  made  to  one  side  of  the  center,  the  pressure  on  the 
cion  is  very  much  lessened,  whereas,  if  the  cion  is  placed  in 
the  center  of  the  stock,  as  in  the  ordinary  method  of  cleft 
grafting,  the  tissue  of  the  cion  may  be  injured  to  such  an  ex- 
tent as  to  prevent  a  union.  However,  it  is  by  no  means  ad- 
visable to  graft  very  large  limbs,  for  the  cut  ends  do  not  heal 
over  readily.  If  left  thus  exposed  for  a  considerable  length 
of  time,  as  must  necessarily  be  the  case,  the  germs  of  decay 
may  find  entrance  and  cause  rotting  of  the  portion,  which 
will  undoubtedly  spread  to  the  older  wood.  In  view  of  this 
fact,  it  is  not  deemed  advisable  to  graft  branches  which  ex- 
ceed two  and  one-half  inches  in  diameter  at  the  very  outside. 
The  tocls  and  materials  required  in  the  performance  of 
the  work  are  a  grafting  iron,  a  mallet,  an  ordinary  budding 
knife,  grafting  wax  and  strips  of  waxed  cloth.  o 

A  good  grafting  wax  may  be  made  as  follows:  -  ^/ 

Resin 6  lbs. 

Beeswax .  - 2  lbs. 

Linseed  oil lib. 

ITie  resin  should  be  finely  broken  up;  the 
beeswax  should  be  cut  in  smaU  pieces,  and  these 
together  with  the  linseed  oil  should  be  placed 
over  a  slow  flame  and  melted.  This  done,  the 
liquid  should  be  poured  out  into  a  bucket  of 
water,  and  as  soon  as  it  is  cool  enough  to  handle, 
it  should  be  pulled  until  it  assumes  a  light  color. 
To  prepare  the  cloth,  grafting  wax  is  melted, 
old  cotton  is  cut  into  strips,  one  inch  wide  or 
narrower,  rolled  on  a  square  stick,  six  inches 
long,  and  dropped  into  the  melted  wax,  or  pieces  of  the  cot- 
ton four  or  five  inches  wide  may  be  used,  wound  around  a 
stick  as  before,  and  afterwards  cut  up.  In  using  grafting 
wax,  the  hands  should  be  greased  to  prevent  sticking, 

Cleft  Grafting,  Having  selected  the  branch  for  cleft 
grafting  and  the  point  at  which  the  cions  are  to  be  inserted, 
the  branch  should  be  carefully  and  smoothly  cut  off.  If  the 
branch  is  large,  this  should  be  done  after  the  manner  illus- 
trated in  Figure  3,  making  the  lower  cut  first,  in  order  to 


Fig.  &    Groftinsr 
Iron. 
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prevent  splitting.  The  stub  (s)  can 
then  be  cut  squarely  off  just  below 
the  lower  cut,  i.  e,,  at  the  point 
chosen.  The  limb  is  then  spht  by 
using  the  grafting  iron.  If  rapid 
work  is  to  be  done,  grafts  should  be 
prepared  beforehand  and  carried  to 
the  field,  wrapped  in  damp  paper. 
In  preparing  the  cion,  a  sloping  cut 
should  be  made  about  one  and  one- 
half  inches  long,  cutting  into  the 
pith  from  a  point  one-half  way  up 
F.ias.  Method  of  cuuiDK  large  the  cut  down  to  the  lower  end.  On 
brunches  to  prevcDt  BPiittinB.  the  oppijsite  Side  the  cut  should  not 
I.   First  cut,  |jg   made   to   touch    the    pith,    but 

3.  Stub.  should  be  coufined  to  woody  tissue 

throughout  its  whole  length.  The  knife  should  have  a  keen, 
sharp  edge.  The  cut  should  be  clean, 
smooth  and  straight,  and  the  cion 
should  be  left  wider  on  the  outer  side. 
Start  the  cuts  on  each  side  of  and  just 
at  a  bud,  as  shown  in  Y^g.  4. 

Having  made  the  cleft,  it  is 
opened  with  the  wedge  on  the  end 
of  the  grafting  iron  and  the  cion 
is  placed  in  position.  The  cambium  lay- 
ers should  be  in  contact.  Slip  the  cion 
well  down  until  the  whole  of  the  cut  sur- 
face is  within  the  cleft.  If  the  stock  is 
large  enough  insert  two  cions.  After 
inserting  the  cion  it  should  be  firmly 
held  in  place  by  binding  the  stock  with 
strips  of  wax  cloth,  after  which  a  cover- 
ing of  wax  may  be  placed  over  the  cloth. 
The  cut  end  of  the  stock  should  be  cov- 
ered, and  if  the  cion  be  other  than  a  ter-  no.  4.  cLett-itrattina. 
minal  shoot,  its  distal  end  should  be  a  st™*h.«howiiia  cieri. 
waxed  also.  "  '" 


As  already  stated,  branches  which 
are  to  be  worked  by  whip-grafting  must 
be  less  than  one  inch  in  diameter.  The 
method  is  Illustrated  in  Fig.  5.  A  slop- 
ing cut,  an  inch  and  a  half  long,  is  made 
diagonally  across  the  stock.  A  correa- 
pcmding  cut  is  made  on  the  cion,  a 
tongue  is  raised  about  the  center  of  each 
cut  by  making  another  cut  with  the  bud- 
ding knife  held  almost  parallel  to  the 
sides  of  the  wood.  The  tongue  is  raised 
a  little  on  both  stock  and  cion  and  the 
two  are  shoved  together.  They  should 
be  securely  bound  with  a  strip  of  wax 
cloth  and  a  layer  of  grafting  wax  should 
be  spread  over  the  whole,  covering  up 
all  the  cut  surfaces  to  the  exclusion  of 
water,  air  and  the  germs  of  decay. 

The  cion  and  stock  are  preferably 

chosen  of  nearly  the  same  size,  but  a 

cion  somewhat  smaller  than  the  stock 

*^i  ^'  si^ck'tihow'tiK  cut.    ™*y  ^  used,  in  which  case  the  cambium 

a   stock   and    cion     layers  along  one  side  of  the  surface  in 

ready  (or  bandQKe.  contact  should  be  placed  opposite  each 

other,  and  the  projecting  portion  of  the  stock  trimmed  off. 

BUDDING. 

In  Horida  and  perhaps  most  of  the  Southern  States, 
more  particularly  those  bordering  on  the  Gulf,  the  time  for 
budding  is  during  the  month  of  August  and  early  Septem- 
ber. During  this  season  the  atmosphere  is  generally  quite 
moist,  the  buds  are  in  good  condition,  the  sap  flows  freely, 
and  better  results  are  obtained  then  than  at  any  other  time. 
Too  much  stress  cannot  be  laid  upon  the  condition  of  the 
stock  and  the  weather,  both  in  budding  and  in  grafting. 
Upon  these  depend  in  a  large  measure  the  success  of  the 
work. 

The  same  general  rules  apply  to  the  top-working  of  trees 


by  budding  as  by  grafting.  That  portion  of  the  branch 
above  the  point  where  the  buds  are  inserted  should  not  be 
cut  off  until  the  bud  has  either  started  or  made  a  firm  union 
with  the  st<x;k.  An  attempt  should  not  be  made  to  work 
over  the  whole  top  of  a  tree  at  one  time. 

Two  methods  of  budding  pecan  trees  are  in  commoo 
use.  The  annular  and  a  modification  of  it  known  as  the 
veneer  shield,  to  which  reference  has  already  been  made  in 
Bulletin  No.  54.  The  latter  method  is  probably  the  preferable. 

It  is  very  difficult  to  cut  annular  or  veneer  shield  buds 
so  that  they  will  fit  exactly.  It  is  important  that  they 
should,  and  with  the  ordinary  budding  knife  it  is  almost  im- 
possible, or  can  be  accomplished  only  at  the  expense  of  a 
great  deal  of  time  and  patience.  A  knife  which  will  do  the 
work  satisfactorily  should  have  two  blades  with  their  cutting 
edges  in  the  same  plane  firmly  attache!  to  a  common  handle. 
A  very  satisfactory  knife  may  be  made  from  two  ordinary 
budding  knives  and  a  piece  of  wood  three-quarters  of  an  inch 
square  and  four  inches  or  so  in  length.  To  opposite  sides  of 
this  the  knives  are  attached  by  means  of  rivets  or  by  firmly 
binding  them  with  twine. 

Mr.  J.  H.  Girardeau  of  Monticello  thus  describes  his 
budding  knife,  which  has  given  excellent  satisfaction:     "Two 
budding  blades  are  set  in  a  wooden  handle  with  their  cutting 
edges  exactly  parallel  and 
one    inch   apart."    In  this 
case  the  blades  of  the  bud 

ding    knives    are    removed  i  | 

from  their  handles  and  in- 
serted in  the  wooden  one. 

Annular  Budding.  — By 
this  method  branches  three- 
quarters  of  an  inch  or  less 
in  diameter  may  be  worked. 
It  is  preferable  that  the  stock 
and  cion  beof  the  same  size. 

Prom     thp    sl-,nck    reninv*»    ft  Fio.  B.    AdduIbt  BaddiDK. 

TTom    me    shh,k    remuy«   a  ,     siockprepurea  forbud. 

ring  of  bark  from  one  inch  |  gj^  ,„  p,„ce  .-a  tied. 
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to  one  and  a  half  inches  long.  On  the  bud  stick  select  a 
good  plump  bud  and  from  it  remove  the  bud  by  taking  out  a 
ring  which  will  exactly  fit  that  already  made  on  the  stock. 
To  do  this  it  is  necessary  to  make  a  slit  on  the  side  of  the  ring 
opposite  that  on  which  the  bud  is.  The  ring  of  bark  should 
then  be  carefully  removed  and  placed  upon  the  stock  in  the 
place  already  prepared  for  it.  Following  this  the  bud  should 
be  securely  tied  in  place,  using  a  strip  of  the  waxed  cloth  ai* 
ready  described.  The  bandage  should  be  brought  around 
the  stock  so  as  to  cover  the  cuts,  but  the  bud  should  be  lefP 
exposed. 

Veneer  Shield- Budding.— \i  this  method  be  used  it  is  not 
essential  that  the  stock  and 
cion  be  of  the  same  size,  and 
so  far  as  size  alone  goes  al- 
most any  stock  may  be 
used.  A  square  piece  of 
bark  is  removed  from  the 
side  of  the  stock.  From  the 
bud-stick  a  bud  is  cut  in 
much  the  same  way  as  al- 
ready indicated  for  the  an- 
nular method.  If  the  stock 
is  larger  than  the  cion,  it 
will  be  necessary  to  flatten 
out    the  cylinder  of    bark, 

Fm.  7,    Veneer  Shleld-nuUdln a.  which  holds  the  bud.       Hav- 

b.  Bud  fDwrti>d  Brd  tied.  iug   placed    th  e    shield    of 

(DtbwIok  hyMlssG,  LYocum,! 

From  Bui.  M.  F\a.  Eip.  stntioo,  bark  m  positlou,  it  should 

be  firmly  tied.  It  is  very  essential  that  the  buds  be  tightly 
tied  in  place. 

Frequently  the  buds  will  make  a  start  the  same  season 
they  are  inserted,  but  often  they  act  as  dormant  buds  and 
do  not  begin  growth  until  the  following  spring.  In  either 
case  it  is  the  usual  practice  to  cut  ofE  or  lop  the  top  just  be- 
fore growth  starts  the  next  season.  In  removing  the  upper 
portion  of  the  stock  the  cut  may  be  made  six  or  eight  inches 


371 

• 

above  the  bud  and  the.  cut  surface  painted  over  with  white 
lead.  This  stub  may  then  be  used  during  the  first  season  at 
least,  as  a  support  for  the  young  shoot.  It  may  be  tied  to 
the  stub,  using  a  piece  of  soft  twine. 

THE  CARE  OP  TOP-WORKED  TREES, 

For  several  months  after  the  new  top  has  commenced  to 
grow  the  cions  have  but  a  slight  hold  upon  the  stock,  and  as 
the  growth  is  usually  very  vigorous  and  the  leaf  surface 
great,  considerable  damage  is  frequently  done  by  strong 
winds.  To  prevent  this  the  young  shoots  may  be  tied  to- 
gether or  fastened  to  other  portions  of  the  stock.  If  this  be 
done,  care  should  be  taken  that  the  twine  used  does  not  do  in- 
jury by  cutting  into  the  wood.  To  obviate  this  a  piece  of 
burlap  should  be  placed  around  the  branch  beneath  the 
twine  and  the  twine  should  be  removed  as  soon  as  it  has 
served  its  purpose.  In  some  cases  the  top  may  be  sup- 
ported by  lashing  a  pole  against  the  side  of  the  truilk  and 
fastening  the  grafts  to  the  upper  part  of  this,  or  a  pole  may 
be  driven  into  the  ground  at  some  distance  from  the  trunk, 
fastened  against  a  branch  or  stub  of  a  branch  above  and 
used  in  the  same  way.  After  the  top  has  grown  sufiiciently 
to  take  care  of  itself  these  posts  can  of  course  be  removed. 
Plate  I,  Pig.  1,  and  Plate  n,  Fig.  2,  show  methods  of  sup- 
porting the  top.  Sometimes  after  the  top  has  made  ccmsid- 
erable  growth,  and  particularly  if  large  branches  are  allowed 
to  develop  opposite  each  other,  they  are  split  apart  and  the 
whole  top  ruined.  Fig.  1  shows  this  very  undesirable  growth 
of  opposite  branches,  and  Pig.  2  shows  one  of  the  best  ways 
by  which  they  may  be  held  together.  A  bolt  having  a  stout 
washer  against  the  head  is  placed  through  the  two  branches. 
A  second  washer  is  placed  on  and  the  nut  screwed  up.  This 
bolt  wiU,  in  the  course  of  a  few  years,  be  entirely  c  )vered. 
By  this  means  the  tree  trunks  are  firmly  bomd  t  )jj:ether, 
and  this  same  plan  may  be  used  to  save  braQches  wliicli  have 
partially  split  apart. 
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SUMMARY. 

1.  In  seedling  pecan  groves  there  are  frequently  many 
trees  which  are  unprofitable  because  of  the  smaU,  inferior 
nuts  produced.  They  may  be  made  profitable  by  top- work- 
ing them. 

2.  Cions  should  be  cut  only  from  bearing  trees  of  good 
varieties. 

3.  Top- working  may  be  performed  by  grafting  in  Feb- 
ruary and  March,  or  budding  in  August  and  September. 

4.  The  most  satisfactory  method  of  grafting  is  the  ordi- 
nary cleft  graft  or  a  modification  of  it  known  as  cleft  sap 
grafting. 

5.  Two  methods  of  budding  may  be  used :  the  annular 
and  veneer  shield,  but  the  latter  is  the  more  useful. 

6.  The  new  branches  should  be  supported  until  they 
have  become  firmly  attached. 

7.  Top-worked  trees  commence  to  bear  when  the  tops 
are  two  years  old. 

The  methods  used  in  top-working  trees  may  be  used  in 
nursery  work  as  well,  though  the  whip  or  tongue  is  the 
method  of  grafting  most  commonly  adopted.  Cions  are  in- 
serted just  at  the  smaU  fibrous  roots  and  the  earth  heaped 
up  so  as  to  leave  only  one  bud  exposed.  Buds  may  be  in- 
serted anywhere  from  five  or  six  inches  to  three  feet  above 
the  crown.  H.  HAROLD  HUME, 
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EXPLANATION  OF  PLATES. 

Plate  I. 

1.  Top- worked  tree,  showing  points  at  which  cions  were 
inserted  and  pole  used  for  support. 

2.  Method  of  holding  trunks  together  by  means  of  a 
bolt. 

3.  Budded  tree  with  top  removed  to  throw  all  nourish- 
ment into  new  top. 

4.  Pecan  shoots  inarched. 

PE4ATE  II. 

1.  Top-worked  tree,  var.  Curtis,  showing  undesirable 
branching  from  stock,  likely  to  be  split  by  wind. 

2.  Method  of  supporting  grafts  by  means  of  large  posts. 

3.  Method  of  working  over  a  large  tree  by  cutting  back 
and  grafting  branches.     Var.  Rome. 

Plate  III. 

Seven  year  trunk  bearing  a  two  year  top.     23x20  ft.  Var. 
Van  Deman. 

1.  Tree  without  foliage.     Dark  spots  are  nut  husks. 
3.     Tree  in  leaf, 

2.  Close  view  of  union.     Note  where  a  large  branch 
was  removed. 


fcfc  ^ 


BULLETIN  No.  58.  JUNE  I90J. 

FLORIDA 
AGRICULTURAL    EXPERIMENT    STATION. 


POMELOS. 


By  H.  HAROLD  HUME. 


V 


BOARD  OF  TRUSTEES- 


Hon.  Geo.  W.  Wilson,  President Jacksonville 

Hon.  F.  E.  Harris,  Vice-President Ocala 

Hon.  J.  D.  Callaway,  Secretary Lake  City 

Hon.  C.  a.  Carson,  Chairman  Executive  Committee 

Kissimmee 

Hon.  J.  R  Parrott Jacksonville 

Hon.  E.  D.  Beggs Pensacola 

Hon.  L.  Harrison Lake  City 


STATION  STAFF. 


W.  F.  YocuM,  A.  M Director 

H.  E.  Stoc  kbridge.  Ph.  D Agriculturist 

H.  K.  Miller,  M.  Sc Chemist 

H.  A.  GossARD,  M.  Sc Entomologist 

H.  Harold  Hume,  B.  Agr.  M.  Sc . .  Botanist  and  Horticulturist 

A.  W.  Blair,  M  A Assistant  Che^iist 

W.  P.  Jernigan Auditor  and  Bookkeeper 

John  F.  Mitchell Foreman  of  Station  Farm 

John  H.  Jeffries  . .  Gardener  in  Horticultural  Department 

Virginia  M.  Wigfield Librarian 

Minnie  Helvenston Stenographer 


m 


CONTENTS. 


General  Discussion 

The  Name 

Historical 

Varietal 

Description  of  Tree 

Varieties 

Estimation  of  Varieties 

Fertilizing 

Analyses 

Fertilizers 

Acknowledgments 

Explanation  of  Figures  and  Plates 


POMELOS. 


GENERAL  DISCUSSION. 

The  Name — The  name  pomelo  {pi  pomelos),  as  applied 
to  the  fruit  under  consideration,  is  the  one  now  recognized 
by  all  horticultural  writers  and  has  been  adopted  by  the 
United  States  Department  of  Agriculture,  the  American 
Pomological  Society  and  the  Florida  State  Horticultural 
Society.  The  word  has  been  variously  spelled  puninielo, 
pumalo,  pumelo,  pumelow,  etc.,  but  the  name  and  spelling 
as  adopted  in  this  publication  are  in  accordance  with  the 
present  usage  of  horticulturists. 

In  regard  to  the  origin  of  the  name  Bonavia'  makes 
the  following  remark:  *'The  word  pummelo  is,  of  course, 
a  corruption  of  the  Dutch  Pompelmoes  through  Pummel- 
nose,  by  first  making  it  Pummelos  and  then  turning  it 
into  the  singular  Pummelo,"  To  the  French  the  fruit  is 
known  by  the  name  of  Pompelmouse.  Rumphius  in  1750 
applied  the  Dutch  name  pompelmoes  to  the  fruit. 

Commercially  this  fruit  is  known  as  grape-fruit  and  in 
market  quotations  reference  is  nearly  always  made  to  it 
under  this  name.  This  appellation  was  given  because  the 
fruit  is  so  frequently  borne  in  grape-like  clusters  of  from 
three  or  four  to  a  dozen  and  a  half.  A  glance  at  the  front- 
ispiece, which  represents  a  cluster  of  twelve,  of  which 
eleven  are  visible,  i)roves  that  the  name  is  not  altogether 
inapplicable.  Not  only  is  the  fruit  known  in  the  market 
as  grape-fruit,  but  it  is  the  name  generally  applied  through- 
out Florida  and  the  United  States,  and  many  people  know 
it  by  none  other.  Whether  the  term — grape-fruit — will  ever 
be  superseded  in  common  use  by  the  correct  horticultural 
name — pomelo — is  extremely  doubtful.  When  and  where 
this  cognomen  was  first  used  it  would  be  diflBcult  to  say, 
but  Risso  and  Poiteau*  in  their  **  History  and  Culture  of 
Oranges,"  describe  a  variety  of  pomelo  which  they  call 
**  pampelmousse  a  grappe,"  and  in  reference  to  it  made  the 


1.  Oranges  and  Lemons  of  India  and  Ceylon.    223.    1888. 
Edition  by  Du  Breuil.    99.    1872. 
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following  notes:  '*  The  author  of  the  Flora  of  the  Antilles 
has  equally  observed  the  pomelo  cultivated  in  Jamaica, 
where  the  inhabitants  call  it  grape-fruit.  *  *  *  *  Xhe 
fruits  are  gathered  in  clusters  of  from  fifteen  to  eighteen 
on  the  branch,  each  of  the  size  of  the  fist,  spherical,  firm, 
with  a  slightly  rough  skin  of  sulphurish  yellow." 

Shaddock,  variously  spelled  Shaddoc,  Chaddock  and 
Chadec,  was  an  English  sea  captain,  who,  according  to 
Miller,  carried  a  variety  of  Citrus  decumana  to  the  West 
Indies,  and  from  him  it  took  the  name  Shaddock,  by  which  it 
has  since  been  commonly  known  and  referred  to  by  different 
writers.  Bonavia  in  his  work  on  the  orange  and  lemons  of 
India  and  Ceylon  makes  the  name  Shaddock  synonymous 
with  pomelo.  In  the  section  of  Thomas'  Fruit  Culture  on 
Subtropical  Fruits,  written  by  the  late  E.  H.  Hart,  of  Fed- 
eral Point,  Florida  (1897),  the  name  Shaddock  is  used,  while 
pomelo,  spelled  pummelo  in  his  article,  is  made  synonymous. 

However,  we  have  no  better  name  for  this  fruit  than 
pomelo.  It  is  of  older  origin  than  either  of  the  others  (if 
with  some  writers  we  allow  the  synonomy  of  Shaddock), 
the  word  from  which  it  is  derived  having  been  in  use  a 
century  and  a  half  or  more  ago.  The  name  pomelo  has 
been  adopted  by  the  best  authorities  and  it  is  by  all  means 
advisable  that  they  be  followed  and  that  we  have  some 
constant  name  by  which  to  designate  the  fruit.  The  fruit 
now  designated  by  tlie  name  Shaddock,  considered  horti- 
culturally,  is  entirely  distinct  from  the  pomelo,  but,  botan- 
ically  considered,  the  two  cannot  be  separated ;  they  belong 
to  one  species.  The  term  Shaddock  is  more  properly 
applied  to  the  large,  pyriform  or  necked  varieties.  There 
are  some  ether  points  of  distinction  between  the  two  which 
may  be  mentioned.  The  fruit  of  the  Shaddock  is  much  the 
larger,  often  weighing  fifteen  pounds  or  more,  the  tree  is 
smaller,  the  leaves  on  full  grown  trees  are  somevvhat  larger. 

From  the  foregoing  discussion  of  the  common  names? 
it  will  be  seen  that  pomelo  is  the  name  given  the  preference, 
grape-fruit  is  synonymous,  while  Shaddock  is  relegated  to 
a  fruit  botanically  the  same  as  the  pomelo  but  horticul- 
turally  distinct. 
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Historical — No  fruit  of  importance  now  grown  in  the 
TJnited  States  has  such  a  meagre  American  hterature  as  the 
pomelo.  Nor  is  this  strange  when  we  remember  the  fact  that 
it  is  only  within  the  last  fifteen  years  or  so  that  the  pomelo 
has  been  regarded  as  a  commercial  fruit.  For  long  years 
neglected  while  the  whole  attention  of  the  fruit  growers 
of  our  State  was  directed  to  the  orange  and  all  their 
energies  put  forth  in  bringing  that  fruit  to  perfection,  it  has 
only  in  very  recent  years  taken  its  present  position,  to 
which  the  critical  taste  of  fruit  consumers  has  raised  it. 

The  pomelo  was  brought  to  Florida  together  with  other 
members  of  the  genus  Citrus  by  the  Spaniards,  who,  under 
the  leadership  of  Ponce  de  Leon,  first  landed  upon  the  east 
coast  of  Florida  in  the  year  1513.  From  that  time  until 
1821  they  disputed  possession  of  this  State  with  their 
enemies  in  the  Old  World  and  the  aborigines  of  the  country, 
except  during  a  period  of  twenty  years — 1763-1783 — during 
which  time  Great  Britain  controlled  the  territory. 

During  the  Spanish  regime  different  citrus  fruits  were 
introduced  and  cultivated  in  Florida.  These,  through  the 
agency  of  the  Indian,  were  carried  into  all  parts  of  the 
State.  To  this  day  the  common  lime,  generally  known  as 
the  Florida  lime,  the  rough  lemon  and  the  sour  orange  are 
to  be  found  in  southern  Florida  growing  luxuriantly  under 
such  conditions  as  would  lead  one,  ignorant  of  their  origia 
and  native  home,  to  believe  them  indigenous  to  the  soil  on 
which  they  stand. 

Following  the  time  of  introduction,  in  many  groves  and 
gardens  throughout  the  State,  pomelo  trees  were  to  be  found, 
annually  laden  with  hundreds  of  fruit.  By  the  inhabitants 
the  fruit  was  considered  refreshing  and  tonic,  but  that  it 
might  have  a  commercial  value  did  not  enter  the  minds  of 
the  owners,  or  if  it  did,  transportation  in  its  then  crude 
state  rendered  any  attempt  to  place  this  then  unknown  and 
unappreciated  fruit  on  the  market,  with  an  expectation  of 
profit,  a  precarious  and  uncertain  undertaking.  Conse- 
quently the  ground  beneath  the  trees  during  a  certain 
portion  of  each  year  was  covered  with  the  yellow  fruit  left 
to  rot  in  the  sun. 
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Just  at  this  point  it  is  interesting  to  note  that  the  fruit 
was  either  unknown  to  or  disliked  by  horticultural  writers, 
or  confounded  with  the  Shaddock  even  up  to  very  recent 
years.  Alexander  Watson^  in  1859  wrote  the  following: 
"Shaddock  is  a  still  larger  fruit  (than  the  citron)*,  in  form 
more  resembling  the  orange,  curious,  but  worthless."  W.  N. 
White*,  in  1868,  says:  "Pulp  dry,  sweetish  or  subacid, 
but  not  very  desirable,  except  for  its  showy  appearance.'' 
Rev.  T.  W.  Moore,  in  his  Hand  Book  of  Orange  Culture, 
1881,  does  not  mention  it.  Thomas  in  his  Fruit  Culturist 
makes  no  reference  to  it  up  as  late  as  the  edition  of  18^5. 
Wm.  A.  Spalding^  in  1885  makes  the  following  remark: 
"Meanwhile  the  Pumalo  and  its  congeners  when  allowed 
growing  space  continue  to  load  themselves  down  with  fruit 
as  large  as  foot  balls.  They  are  matters  of  wonder  and 
that  is  all."  Chas.  Downing*  (1885),  under  the  head  of 
Shaddock,  has  the  following  note :  "The  pulp  is  sweetish  or 
subacid  and  the  juice  is  rather  refreshing.  It  is,  however,, 
more  showy  than  useful,  and  certainly  makes  a  magnificent 
appearance  in  a  collection  of  tropical  fruits." 

Northern  visitors  to  the  State  learned  to  know  and  like 
the  pomelo  and  a  certain  demand  was  created  by  their 
desire  for  the  fruit  upon  their  return.  Somewhere  about 
1880  or  1885  the  first  pomelos  were  shipped  from  the  State,, 
sold  in  New  York  and  Philadelphia,  and  netted  the  shippers 
about  fifty  cents  per  barrel.  This  was  the  beginning  and 
better  prices  were  soon  realized.  The  freeze  of  ]  894-95 
greatly  reduced  the  crop  and  the  small  amount  of  fruit  sold 
that  Jyear  brought  an  enormous  price,  in  some  cases  as 
much  as  $15  or  S20  per  box. 

With  a  return  of  normal  climatic  conditions  and  a  con- 
sequent increase  in  the  quantity  of  fruit  the  price  has 
dropped,  the  crop  of  the  past  season  bringing  from  S4  to  $7 
per  box  for  good  fruit  and  less  for  inferior  packages. 
Thousands  of  trees  have  been  set  out  in  Florida  in  the  past 
four  or  five  years  and  prices  in  the  future  will  not  equal 

1.  The  American  Home  Garden,  paire  863.    1850 

2.  Gardening  for  the  South,  pa^e  384.     1H68. 
S.  The  Orange  in  Calif oroia.  page  80.    1885. 

*.  Downing'8  Fruits  and  Fruit  Trees  of  America,  page  579.    IHS.*"'. 
♦  (  )  Inserted  by  the  author. 
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those  in  the  past.  Up  to  this  time  the  supply  has  generally 
been  inadequate  to  the  demand,  but  with  the  increase  in 
the  amount  of  fruit  a  state  of  equilibrium  between  the  sup- 
ply and  the  demand  will  soon  be  reached.  It  is  safe  to 
predict  that  with  a  favorable  climate  the  future  price  real- 
ized for  pomelos  will  l>e  much  lower  than  at  present  The 
tree  is  a  heavy  bearer ;  it  is  no  harder  to  propagate  and  care 
for  than  an  orange  tree;  it  comes  into  bearing  as  early: 
heavy  plantings  have  been  made,  then  why  will  it  not 
eventually  be  placed  on  the  same  basis  with  the  orange? 
It  undoubtedly  will,  unless  some  new  channel  is  opened  up 
for  the  consumption  of  the  product. 

To  the  careful,  painstaking  grower  this  need  cause  no 
uneasiness,  for  there  will  always  be  a  good  demand  for  a 
first-class  fruit,  well  colored,  well  fed,  carefully  selected, 
well  packed  and  placed  upon  the  market  in  inviting  shape. 
At  present  it  seems  probable  that  Florida  will  retain  con- 
trol of  the  pomelo  market  for  some  time  to  come,  probably 
indefinitely,  if  we  are  careful  in  maintaining  the  excellence 
of  the  product.  Let  this  be  emphasized,  California  cannot 
at  present  be  considered  a  competitor,  and  whether  that 
State  will  ever  seriouslv  affect  our  market  is  doubtful. 
Edward  J.  Wickson,  in  his  Fruits  of  California  (1900), 
refers  to  the  status  of  the  pomelo  industry  there  as  follows: 
'•This  citrus  fruit  achieved  a  very  sudden  interest  in  Cali- 
fornia because  of  the  prices  commanded  by  Florida  pomelos 
about  five  years  ago.  When  this  supply  to  eastern  cities 
was  cut  off  by  the  serious  frost  injuries  in  Florida,  there 
an^se  a  passion  for  planting  the  trees  in  California,  and  a 
considerable  acreage  was  planted,  and  as  the  tree  is  a  very 
rapid  grower,  and  precocious  in  fruit-bearing,  large  ship- 
ments were  made  in  18'JS,  but  the  results  were  not  satis- 
factorv,  and  unless  some  new  conditions  should  arise  it  is 
possible  that  the  California  pomelo  passion  may  subside  as 

rapid! V  as  it  uprose.'* 

VARIETAL. 

Description  of  Tree — A  tree  upward  of  thirty  feet  in 
height,  slightly  thorny:  bark  smooth,  grayish  brown: 
branchlets  angular  or  nearly  round,  green;  young  leaves 
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sparsely  pubescent,  light  green ;  mature  leaves  ovate,  blunt 
pointed,  smooth,  dark  green,  with  crenate  margins  and 
broadly  winged  petioles;  flowers  large,  white,  sweet- 
scented,  borne  in  clusters;  petals  4-5;  stamens  numerous; 


Fig.  1— Leaves  of  Pomelo  one-half  natural  size. 
The  leaf  to  the  riirht  in  not  typical,  but 
such  are  sometimes  found. 


fruit  a  hesperidium,  roundish  oblate;  flesh  grayish  green 
or  pinkish;  rind  smooth,  thick,  bitter,  not  separating 
easily  from  the  pulp;  flavor  a  mingling  of  acid,  bitter- 
ness and  sweetness ;  seeds  large,  white,  frequently  winged, 
cotyledons  white  or  whitish.  Generally  conceded  to  be  a 
native  of  the  Polynesian  and  Malayan  archipelagoes.  More 
tender  than  the  sweet  orange. 
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Fio.  2-Cro8B  section  of  ManTille  Pomelo,  three-fourths  natural  size, 
showing  rmd,  sections,  peed,  juice  sacks  and  oil  cells  of  rind. 

The  tree  is  known  scientifically  as  Citrus  decumana 
Murr.,  but  the  author  owing  to  a  limited  station  library  has 
been  able  to  give  only  the  following  synonomy: 

Limo  decuman  us  Hump.    Herb.    Amboyn.    11:96.    1750. 

Citrus  decumana  Murr.  in  Linn.  Syst.  Vee.  Ed.    XIII:  608.    1774. 

Citrus  decumana  Wild.    Enum.    Plant.    807.    1809. 

Citrus  aurantium  decumanum  Gall.    Traite  du  Citrus,  Tar.  87.     1811. 

Varieties — It  is  the  object  of  this  section  of  the  Bul- 
letin to  give  as  faithful  an  idea  as  possible  of  some  of  the 
pomelos  grown  in  the  State  at  the  present  time.  Full 
descriptions  of  these  fruits,  such  as  may  be  found  in  stand- 
ard works  for  other  fruits,  are  almost  entirely  lacking,  and 
except  for  brief  notes  in  the  catalogues  of  our  leading 
nurserymen,  those  unacquainted  with  the  fruits  are  without 
information  on  the  subject.    It  has    been    impossible  to 
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obtain  specimens  of  all  varieties  grown  in  the  State  and  it 
may  be  true  that  there  are  many  seedling  trees  which  pro- 
duce fruit  of  as  high  a  quality  as  any  described  in  the  fol- 
lowing pages.  The  fact  remains,  however,  that  the  planter 
to-day  is  dependent  upon  our  nurserymen  for  his  trees,  and 
must  at  present  make  his  choice  from  the  following  list : 

Aurantium,  Duncan,  Excelsior,  Hall,  Marsh,  Pernam- 
buco,  Tresca,  Triumph,  Royal  and  Walters,  as  these  are  all 
that  are  listed  in  the  nursery  catalogues  on  file  in  the 
department. 

Attention  must  be  called  to  two  or  three  publications. 
The  Report  of  the  State  Horticultural  Society  for  1896  con- 
tains a  list  of  pomelos,  with  brief  tabulated  descriptions, 
and  in  Bulletin  No.  8.,  Division  of  Pomology,  U.  S.  D.  A., 
a  similar  list  may  be  found.  The  late  lamented  P.  W. 
Reasoner,  in  Bulletin  No.  1,  Division  of  Pomology,  U.  S.  D. 
A. ,  listed  and  briefly  noted  several  varieties. 

Aurantium.     Page  409,  Plate  I. 

Form  oblate;  size  3i  inches  x  3 J*  inches,  frequently 
smaller;  stem  small;  color  light  yellow;  rind  smooth, 
but  with  the  oil  cells  slightly  depressed;  sections  eleven, 
regular ;  flesh  grayish  green ;  bitter  principle  not  marked  or 
present  only  in  a  very  slight  degree;  acidity  medium; 
sweetness  good ;  seeds  thirty -five,  of  medium  size;  season 
late. 

The  Aurantium  is  a  hybrid  variety  first  sent  out  by 
James  Mott,  formerly  of  Orlando.  The  date  is  not  certain, 
but  Professor  Brackett,  United  States  Department  of  Agri- 
culture, Division  of  Pomology,  forwarded  me  a  copy  of  the 
description  made  of  this  fruit  in  the  Department  in  1895. 
It  was  probably  introduced  some  time  previous  to  that  date. 

Specimens  received  from  Reasoner  Brothers,  Oneco,  Fla , 
and  Mr.  A.  A.  Gardner,  Fort  Myers,  Fla.  This  variety,  as 
already  noted,  is  held  to  be  a  hybrid  between  the  sweet 
orange  and  the  pomelo,  and  the  character  of  fruit — so  dif- 
ferent from  that  of  the  pomelo — gives  color  to  this  view. 


*  In  all  cases  the  diameter  from  base  to  apex  is  given  first. 
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The  quality  is  good,  but  falls  short  of  the  standard  of 
excellence  for  pomelos. 

DeSoto.    Page  411,  Plate  II. 

Form  oblate;  size  3 J  inches  x  4 J  inches;  stem  stout;  base 
creased;  rind  medium  thick,  compact;  color  light  yellow: 
oil  cells  very  slightly  elevated;  sections  fifteen  large, 
irregular;  flesh  light  grayish:  juice  sacks  large,  well  filled, 
irregular;  bitterness  decidedly  marked:  acidity  medium; 
flavor  and  quality  both  good,  though  slightly  lacking  in 
character;  seeds  forty -three,  wedge  shaped,  large  and 
plump ;  season  late. 

Specimens  from  Mr.  John  Thomson,  Clearwater,  Fla. 

This  variety  was  selected  by  Mr.  Thomson  from  a  num- 
ber of  seedling  trees  grown  from  seed  obtained  m  DeSoto 
County. 

Duncan.     Page  413,  Plate  III. 

Form  oblate;  size  33^  inches  x  44  inches,  4^  inches  x  5i 
inches:  stem  large;  calyx  segments  broad,  blunt;  apex 
slightly  scarred ;  rind  medium  thick,  firm ;  oil  cells  large, 
sunken:  sections  fourteen :  flesh  light  grayish  green:  juice 
sacks  closely  packed,  large;  bitterness  well  marked ;  acidity 
and  sweetness  good;  core  i  inch  across,  somewhat  open; 
seeds*  five  or  more,  large,  plump,  blunt,  not  winged; 
season  late. 

A  fruit  of  very  good  quality,  originated  by  A.  L.  Duncan, 
Dunedin,  Fla. 

Specimens  from  Mr.  G.  L.  Taber,  Glen  St.  Mary,  Fla.^ 
borne  on  a  small  tree  on  trifoliata  stock  (first  fruiting). 
Fruits  of  larger  size  than  those  indicated  by  the  measure- 
ments given  above  are  very  frequently  obtained. 

Excelsior.     {Excelsior  Late,)    Page  411,  Plate  II. 

Form  oblate:  size  4  inches  x  4 J  inches;  color  lemon 
yellow:  rind  very  slightly  pitted:  oil  cells  large,  slightly 
sunken;  sections  thirteen,  large,  irregular;  flesh  light 
grayish:  bitter  principle  well  marked:  acidity  normal; 
quality  good;  seeds  thirty-one,  wedge-shaped,  large, plump; 
season  late. 

*  This  number  is  probably  deridedly  under  the  average. 
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This  variety  originated  in  Florida,  the  parent  tree  being 
a  native  seedling.  Introduced  by  C.  M.  Marsh,  Lakeland, 
Fla. 

Specimens  of  fruit  received  from  John  Thomson,  Clear- 
water, Fla.,  and  C.  M.  Marsh,  Lakeland,  Fla. 

Hall  {Silver  Cluster),  (Halls)  {Klemm's  Silver  Cluster), 
Frontispiece. 

Form  oblate;  size  4 J  inches  x  4^^  inches,  or  larger;  stem 
large;  color  light  yellow,  but  slightly  darker  than  that  of 
most  pomelos;  base  smooth,  or  sometimes  slightly  creased; 
rind  ^g  inch  thick;  oil  cells  slightly  indented;  sections 
fourteen,  large,  variable  in  size;  bitter  principle  strongly 
developed;  acidity  and  sweetness  well  marked;  juice  almost 
transparent;  seeds  thirty -two,  small,  roundish,  plump, 
quite  a  number  aborted;  season  February-March. 

There  has  been  considerable  discussion  over  the  origin 
of  this  variety,  but  it  seems  to  be  a  fact  well  established 
that  it  was  originated  by  John  W.  Hall,  of  Caloosa,  Fla. 
The  original  tree  was  grown  from  seed  sown  by  him  when 
he  first  came  to  the  State  about  sixteen  years  ago.  The 
synonomy  as  given  above  may  be  open  to  some  objections, 
but  in  naming  it  the  credit  has  been  given  to  Dr.  Hall,  to 
whom  it  is  believed  to  be  due.  The  frontispiece  is  from  a 
photograph  of  one  of  the  clusters. 

Specimens  of  the  fruit  received  from  Mr.  A.  M.  Klemm, 
Winter  Haven,  Fla.     A  good  variety. 

Josselyn.     Page  413,  Plate  III. 

Form  roundish-obovate ;  size  3|  inches  x  3^  inches  : 
stem  medium;  color  yellow,  darkest  of  all  the  varieties 
which  have  come  under  observation;  rind  smooth;  oil  cells 
slightly  sunken;  sections  twelve,  rather  irreg^ular,  dividing 
tissue  thick;  flesh  grayish  green;  pulp  melting;  bitterness 
strongly  marked;  acidity  and  sweetness  well  developed; 
core  i  inch  in  diameter,  solid;  seeds  forty-eight,  whitish, 
small  and  plump;  season  December-January. 

This  variety  was  introduced  by  Messrs.  J.  W.  and  F.  D. 
AVaite,  of  the  Magnolia  Nurseries,  Belleview,  Marion 
County,  Fla.,  in  18s8.  The  original  tree  stood  in  the  old 
Josselyn  grove  at  East  Lake,  on  Lake  Weir. 
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Specimen  of  fruit  from  Mr.  G.  L.  Taber,  Glen  St.  Mary, 

Man ville.     {Manville's  Improved, )    Page  409,  Plate  I. 

Form  oblate;  size  medium  to  large,  3|  inches  x  4^ 
inches;  stem  small;  Color  lemon  yellow;  rind  i  inch  thick^ 
smooth,  the  oil  cells  being  flush  with  the  surface  or  only 
slightly  sunken;  sections  thirteen,  large,  fairly  regular j 
flesh  light  grayish  green;  juice  sacks  large,  irregular;  bit- 
terness well  marked;  acidity  and  sweetness  good;  core  f 
inch  in  diameter,  compact;  seeds  sixty  to  seventy,  large; 
season  late. 

In  relation  to  origin  of  this  variety,  Reasoner  Brothers, 
write  as  follows:  **Manville's  Improved  was  sent  us  by  the 
late  A.  H.  Man  ville,  from  East  Florida,  years  ago.*' 

Specimens  of  fruit  received  from  Reasoner  Brothers, 
Oneco,  Fla.  Thus  far  this  variety  has  not  been  catalogued, 
but  the  fruit  appears  to  be  very  desirable. 

Marsh  {Marsh's  Seedless),     Page  415,  Plate  IV. 

Form  oblate  roundish;  size  3^  inches  x  4J  inches,  3i 
inches  x  4 J  inches,  3f  inches  x  4|  inches;  stem  small;  color 
light  yellow;  rind  i  inch  thick,  smooth;  oil  cells  small, 
scarcely  or  not  at  all  indented;  sections  thirteen,  regular; 
partitions  thin;  juice  sacks  small;  flesh  grayish  green;  bitter 
principle  not  strongly  marked;  acidity  and  sweetness 
medium;  pith  f  inch  in  diameter,  open;  seeds  two  to  six, 
or  none,  large,  plump;  season  February-March. 

This  variety  was  introduced  by  C.  M.  Marsh,  Lakeland, 
Fla.,  about  seven  or  eight  years  ago.  The  original  tree  was 
a  seedling,  growing  in  Lakeland,  and  was  at  the  time  of  the 
freeze  fully  sixty  years  old.  This  pomelo  has  not  the  dis- 
tinct, pronounced  flavor  of  the  typical  fruit,  but  the  quality 
is  good,  and  the  fact  that  it  is  so  nearly  seedless  is  a  very 
desirable  feature. 

Specimens  of  the  fruit  received  from  C.  M.  Marsh, 
Lakeland,  Fla;  C.  W.Butler,  St.  Petersburg,  Fla.,  and 
John  Thompson,  Clearwater,  Fla. 

McKinley.     Page  417,  Plate  V. 

Form  oblate,  or  slightly  oblate  conical;  size  3|  inches 
X  4j  inches;  color  pale  yellow;  rind  smooth,  thin;  oil  cells 
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large,  conspicuous,  scarcely  indented;  sections  fourteen, 
large,  slightly  irregular;  bitterness  marked;  acidity  normal; 
sweetness  good;  quality  of  the  best;  core  i  inch  in  diameter, 
pithy;   seeds  sixty-two,  wedge-shaped,  large;  season  late. 

This  is  a  pomelo  of  considerable  merit,  and  worthy  of 
propagation.  Fruit  from  a  seedling  tree  in  the  grove  of 
A.  A.  Gardner,  Fort  Myers,  Fla. 

Nocatee.    Page  419,  Plate  VL 

Form  roundish  or  somewhat  oblate;  size  small,  2f 
X  2J  inches,  2^  inches  x  3  inches,  2|  inches  x  3i  inches;  stem 
small;  calyx  small;  apex  slightly  marked;  color  lemon 
yellow,  occasionally  somewhat  deeper;  rind  \  to  -^^  inch, 
easily  detached;  oil  cells  minute,  slightly  indented;  sections 
twelve,  variable  in  size,  separating  easily;  flesh  yellowish 
gray;  tissue  thin,  translucent;  juice  almost  transparent; 
acidity  medium;  bitter  principle  lacking;  juice  sacks  small, 
short,  plump,  in  shape  resembling  those  of  the  tangerine; 
flavor  a  commingling  of  pomelo  and  tangerine;  pith  small, 
f  inch  in  diameter;  seeds  three  to  twenty-three,  small, 
slightly  winged  at  the  tip;  cotyledons  white  or  green,  or 
partly  green  and  partly  white;  season  late;  a  good  keeper. 

This  variety  appears  to  be  a  well-marked  hybrid  between 
the  tangerine  and  the  pomelo,  and  I  have  placed  it  with  the 
pomelos  because  the  fruit  in  general  appearance  more  closely 
resembles  that  fruit. 

It  originated  at  Nocatee,  Fla. ,  and  Mr.  T.  J.  Watkins, 
the  owner  of  the  tree,  gave  me  the  following  notes  regard- 
ing it:  "The  original  tree  is  about  twenty  years  old,  and 
somewhat  larger  than  an  average  sour  orange  tree  of  the 
same  age.  It  is  a  hybrid  of  accidental  origin,  showing 
marks  of  grape-fruit,  tangerine,  and  bitter-sweet  orange.  It 
is  a  distinct  type,  having  fruit,  bloom,  wood,  habit  of  growth 
and  leaf  different  from  all  others,  and  is  as  easily  recognizable 
as  the  tangerine  or  grape-fruit.  It  is  a  strong,  vigorous 
grower,  with  limbs  long  and  somewhat  slender.  The  leaves 
are  medium  size,  broad,  slightly  bent  upward  from  midrib 
and  slightly  curved  backward,  giving  a  shape  bearing  some 
resemblance  to  an  apple  leaf,  but  in  color  and  texture  it 
resembles  the  leaf  of  the  common   orange.     In  habit  of 
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growth  it  is  loose,  open-headed,  and  the  foliage  less  dense 
than  a  grape-fruit  or  common  orange.  The  wood  is  almost 
thornless  and  the  tree  prolific,  being  laden  with  fruit  every 
year.  All  characteristics  of  the  tree  and  fruit  are  retained 
in  budded  trees.  *  ♦  *  *  Growth  of  budded  trees 
has  been  more  rapid  and  vigorous  than  that  of  grape-fruit 
buds  under  similar  conditions. 

**The  fruit  is  of  medium  size,  running  about  150  to  the 
box,  in  color  a  clear,  pure  yellow;  has  few  seeds,  many  of 
the  fruits  being  entirely  seedless;  has  loose  rind,  separating- 
from  the  fruit  a  little  less  easily  than  tangerine's.  *  *  * 
It  is  good  any  time  after  December,  and  will  hang  on  the 
trees  until  August,  but  reaches  full  maturity  about  April,, 


Fig.  3.— Leaves  of  Nocatee  Hybrid  Pomelo,  ont-third  natural  size.    These  leaves  were 
taken  from  a  single  t^ig. 

when  it  develops  a  rare  combination  of  rich  and  delicate 
flavor." 

The  leaves  of  this  variety  are  different  from  those  of 
the  orange  or  grape-fruit.  On  some  leaves  the  wings  are 
entirely  absent.  In  others  the  wing  is  cut  in  on  one  side 
only,  leaving  the  other  entire,  while  other  leaves  have  a 
well-marked  wing  on  both  sides.  Fig.  3  represents  the 
three  types  of  leaves  somewhat  reduced.  The  drawings 
were  made  from  actual  specimens  on  young  shoots. 

The  fruit  is  certainly  unique  and  interesting,  and  pos- 
sesses  a  considerable  degree  of  merit. 
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Pernambuco.     Page  421,  Plate  VIL 

Form  oblate;  size  3 J  inches  x  4i  inches,  3 J  inches  x  4^ 
inches;  stem  stout;  calyx  medium  in  size;  color  very  light 
yellow;  rind  i  inch  thick,  compact, closely  attached,  smooth; 
oil  cells  large,  sunken;  sections  twelve,  uniform  in  size, 
well  defined;  flesh  grayish  green;  bitterness  well  marked; 
acidity  and  sweetness  good;  character  well  marked;  seeds 
sixty  to  seventy-five,  whitish,  wedge-shaped,  irregular;; 
season  late. 

This  variety  was  imported  by  the  United  States  Depart- 
ment of  Agriculture  from  Pernambuco,  Brazil.  It  is  a 
variety  of  very  fine  quality. 

Specimens  of  fruit  received  from  Reasoner  Brothers^ 
Oneco,  Fla. 

Royal.     Page  421 ;  Plate  VII. 

Form  slightly  oblate;  size  3  inches  x  3^  inches,  3  inches 
X  3|  inches;  stem  stout;  color  light  yellow;  rind  i  inch  thick; 
oil  cells  small;  sections  eleven  or  twelve,  small,  regular;: 
flesh  grayish  green ;  bitter  principle  almost  entirely  lacking;, 
acidity  medium;  sweetness  good — can  be  eaten  from  the 
hand  as  an  orange;  seeds  forty,  grayish  in  color,  roundish 
and  plump;  core  J  inch  in  diameter,  pithy;  season  medium, 
earlv. 

This  fruit  was  introduced  by  Reasoner  Brothers,  of 
Oneco,  Fla.,  the  original  tree  being  a  seedling  growing  in 
their  neighborhood,  the  seed  from  which  it  grew  having 
come  from  the  West  Indies. 

Specimens  of  fruit  from  Reasoner  Brothers,  Oneco,  Fla. 

The  fruit  is  quite  desirable,  but  lacks  the  character  of 
the  pomelo.    The  tree  is  a  good  bearer,  probably  a  hybrid. 

Standard  (Indian  River). 

Form  oblate;  size  large,  4i  inches  x  5  inches;  stem 
small;  base  slightly  creased;  color  very  light  yellow;  rind 
J  inch  thick;  oil  cells  large,  slightly  depressed;  sections 
thirteen,  large,  rather  irregular;  flesh  grayish  green;  bitter- 
ness marked;  acidity  and  sweetness  normal;  pulp  melting; 
juice  plentiful;  juice  sacks  large;  seeds  forty-nine  to  fifty- 
nine,  large,  long,  creased;  core  |  inch,  open;  season  Jan- 
uary-March. 
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The  origin  of  this  variety  is  unknown.  C.  T.  McCarty, 
Ankona,  Fla.,  from  whom  the  specimens  were  secured,  wrote 
as  follows  regarding  it:  "This  pomelo  is  known  here  as 
Standard,  or  Indian  River;  I  don't  know  its  origin.  It  came 
here  from  Rockledge  sixteen  years  ago." 

This  fruit  is  of  very  fine  quality  indeed. 

Triumph.     Page  415,  Plate  IV. 

Form  oblate  or  slightly  oblate-oblong,  slightly  flattened 
at  base  and  apex;  size  3|  inches  x  4  inches;  stem  small; 
color  light  yellow;  rind  very  smooth,  |  inch  thick;  oil  cells 
slightly  depressed;  sections  eleven;  bitter  principle  not  so 
strongly  marked  as  in  some;  acidity  and  sweetness  normal; 
juicy;  pulp  melting;  seeds  thirty-seven,  medium,  plump, 
roundish;  core  f  inch  in  diameter,  open  or  pithy;  season 
medium  early. 

Mr.  J.  H.  Fessenden,  Tampa,  Fla.,  under  date  of  March 
6, 1901,  wrote  as  follows  regarding  the  origin  of  this  variety: 
"The  buds  for  the  Triumph  grape-fruit  were  taken  from  a 
seedling  standing  in  the  yard  of  the  Orange  Grove  Hotel  at 
this  place.  The  fruit  was  noted  for  its  excellent  quality. 
The  propagation  of  it  was  commenced  in  1884.  The  parent 
tree  was  killed  by  the  freeze  of  1894-^95.  This  is  a  good 
fruit,  of  medium  size,  the  flavor  being  very  pleasant  and 
sprightly.'' 

Specimens  of  fruit  received  from  Dr.  F.  W.  Inman, 
Winter  Haven,  Fla. 

Walters  {Walter),    Page  417,  Plate  V. 

Form  oblate;  size  3}  inches  x  4J  inches;  stem  small; 
color  pale  yellow;  rind  smooth,  i  inch  thick;  oil  cells  almost 
flush  with  the  surface;  sections  thirteen,  large;  bitter  prin- 
ciple strongly  marked:  acidity  and  sweetness  good;  quality 
very  good;  seeds  fifty-eight,  large,  plump,  wedge-shaped 
or  irregular;  corejinchin  diameter,  solid;  season  medium. 

Mr.  F.  D.  Waite,  manager  of  the  Manatee  Lemon  Com- 
pany, Palmetto,  Fla.,  gave  the  following  notes  on  the  origin 
of  this  variety:  **We  *  *  *  *  assisted  Mr.  Walters 
in  introducing  the  Walters.  The  tree  was  only  one  mile 
from  my  home  in  Belleview,  Marion  County.  *  *  *  ♦ 
The  Walters  was  introduced  in  1887.'' 
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Specimens  of  fruit  received  from  Dr.  F.  W.  Inman, 
Winter  Haven,  Fla,  In  habit  of  growth  this  tree  very 
closely  resembles  the  Hall,  and  by  some  they  are  thought  to 
be  the  same,  but  the  origin  of  the  two  is  entirely  different, 
and  an  examination  of  the  seeds  (Fig,  4)  shows  that  they 
are  entirely  distinct.  The  figure  represents  the  seeds  taken 
from  a  Walters  and  Hall  fruit  and  photographed  side  by 
side,  Walters  on  the  left.  Hall  on  the  right. 


Fia.  4.— Seeds  of  Walton  aod  Hatl  Pomelo*,  sbowiog  that  theae  >&rletiea  are  dUtlaat 

Estimation  of  Varieties.— The  pomelo,  like  all  other 
citrus  fruits  grown  in  the  State,  is  in  a  very  large  measure 
a  reflection  of  the  care  and  food  given  the  tree.  Upon  these 
depend  juiciness,  amount  of  rag,  thickness  of  rind,  and 
qual  ty  in  general,  more  than  upon  any  other  factors,  though 
the  age  of  the  tree  is  also  important,  as  the  best  fruit  can 
not  be  expected  until  the  tree  has  borne  several  crops. 

The  fruit  which  has  been  received  at  the  Department 
came  from  many  different  parts  of  the  State,  was  grown 
under  as  many  different  conditions,  and  the  age  of  the  trees 
was  quite  variable.    Hence  it  has  been  in  some  measure 
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difficult  to  place  a  just  estimation  upon  the  different 
varieties.  Had  it  been  possible  to  secure  a  larger  number 
of  fruit  from  different  points  in  the  State,  this  might  have 
have  been  overcome. 

Last  season  the  market  called  for  a  large  pomelo — one 
which  would  pack  forty-six  to  fifty-four  or  less  to  the  box — 
and  the  demand  was  considerably  less  for  smaller  fruit,  the 
price  being  correspondingly  low.  The  fruit,  to  come  well 
up  to  the  standard  of  excellence,  must  have  the  character- 
istic pomelo  flavor — a  pleasant  commingling  of  bitterness, 
sweetness  and  acidity.  Dividing  the  varieties  listed  and 
described  above  according  to  strength  of  flavor,  we  find 
that  DeSoto,  Duncan,  Excelsior,  Hall,  Josselyn,  Manville, 
McKinley,  Pernambuco,  Standard  and  Walters  have  the 
flavor  pronounced.  The  Triumph  and  Marsh  are  not  so 
characteristic,  but  both  are  very  desirable.  Aurantium, 
Roval  and  Nocatee  can  not  be  classed  as  characteristic 
pomelos,  and  all  are  probably  hybrids.  DeSoto,  Duncan, 
Excelsior,  Hall,  McKinley,  Pernambuco,  Standard  and 
Walters  rank  as  large;  Manville  and  Marsh,  medium  to 
large;  Triumph,  medium;  while  Josselyn,  Aurantium, 
Royal  and  Nocatee  are  classed  as  small  for  pomelos. 

Every  person  has  his  preference,  and  probably  no  two 
will  agree  in  regard  to  the  choice  of  varieties.  This  can 
not  be  regarded  as  strange,  because,  to  a  very  large  extent, 
such  things  are  a  matter  of  personal  taste.  Of  the  large 
varieties  the  author  would  recommend  Duncan,  Hall. 
McKinley,  Pernambuco,  Standard  and  Walters.  The 
Triumph  is  a  good  variety,  as  well  as  the  Marsh,  the  latter 
being  very  desirable  because  of  the  small  number  of  seeds. 
Of  the  smaller  varieties  Josselyn  is  the  only  one  which  is 
characteristic,  but  Aurantium,  and  especially  the  Nocatee, 
have  considerable  merit,  though  characteristically  different 
from  the  true  pomelo. 

FERTILIZING. 

Analyses. — The  foHowing  analyses  of  the  pomelo  were 
made  for  the  Horticultural  Department  by  the  Station 
Chemists,  Prof.  H.  K.    Miller  and  Prof.  A.  W.  Blair.     To 
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them  the  sole   credit  of   the  work  belongs,  and  since  it  is 

probably  the  first  work  of  the  kind  done  on  this  fruit,  its 

importance  goes  without  saying. 

The  fruit  of  the  first  four  varieties  was  obtained  from 

Reasoner  Brothers,  Oneco,  Fla  ;  the  fruit  of  the  last  two  from 
Dr.  F.  W.  Inman,  Winter  Haven,  Fla.  In  each  case  the 
analysis  was  made  from  ten  fruits,  which  were  well 
developed  and  fully  ripe. 

TABLE  No.  U 
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3  20     46  4     69.32 


3  75     61  0  ,  68.52 


3.10     67  2     74.72 


3  00     37  3     68.60 


3.75     56.0    68.64 
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27.23  I  3  45 


28.05  I  3.43 


20.93  '  4.35 
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28.22     3.14 


3182  '  3.02 


Table  No.  1  gives  the  average  weight  in  grams  and 
ounces,  the  average  diameter  of  the  fruit  in  inches,  the 
average  number  or  seeds  and  percentage  of  pulp,  rind  and 
seed  in  each  variety.  From  this  it  will  be  noticed  that  the 
weights  of  the  Pernambuco  and  Walters  are  about  the  same, 
that  the  Royal  and  Triumph  average  nearly  the  same  num- 
ber of  ounces,  though  in  fact  the  Triumph  usually  runs 
larger  than  does  the  RoyaL  Between  the  Manville  and  the 
Aurantium  there  is  in  weight  a  difference  of  two  ounces. 
The  number  of  seeds  in  the  different  varieties  varies  from 
forty-three  to  sixty -seven.  The  largest  percentage  of  pulp 
— 74.72— was  contained  in  the  Manville;  the   Royal,  Per- 
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nambuco,  Aurantium  and  Walters  were  about  the  same, 
68-69,  while  the  Triumph  dropped  to  65.16  per  cent.  The 
variety  having  the  least  percentage  of  rind  was  the  Man- 
ville,  the  Royal  coming  second,  while  Pernambuco,  Au- 
rantium and  Walters  were  about  the  same,  "ZS,  and  this 
particular  lot  of  Triumph  had  31.82  per  cent.  rind.  This  is 
probably  accounted  for  by  the  fact  that  the  fruit  was 
gathered  from  young,  vigorously  growing  trees,  bearing- 
only  their  first  or  second  crop.  The  lowest  percentage  of  seed 
was  found  in  the  Triumph,  while  the  remaining  varieties 
range  in  this  order:  Aurantium,  Walters,  Pernambuco, 
Royal,  Manville.  From  this  table  little  can  be  said  regard- 
ing the  merits  of  the  different  varieties  in  relation  to  the 

relative  amounts  of  pulp  and  rind,  because  the  trees  from 
which  the  fruit  was  gathered  were  not  of  the  same  age, 
nor  had  they  been  given  the  same  treatment. 

TABLE  No.  2. 
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Table  No.  2  gives  the  percentage  of  phosphoric  acid 
(P,  O5),  potash  (Kj  O)  and  nitrogen  (N)  in  the  pulp,  rind 
and  seed.  In  every  instance  it  will  be  noticed  that  the  per- 
centage of  phosphoric  acid,  potash  and  nitrogen  is  highest  in 
the  seed.  The  percentage  of  phosphoric  acid  is  in  almost  e  very- 
instance  higher  in  the  pulp  than  in  the  rind,  while  the  per- 
centage of  potash  is  always  higher  in  the  rind  than  in  the 
pulp.  The  percentage  of  nitrogen  is  higher  in  the  rind 
than  in  the  pulp,  except  in  one  variety,  the  Walters,  and 
even  there  the  excess  is  very  slight,  .003  of  one  per  cent. 

Table  No.  3  shows  the  total  percentage  of  phosphoric 
acid,  potash  and  nitrogen  in  all  the  parts  of  the  fruit,  pulp, 
rind  and  seed  combined.  A  glance  at  the  table  shows  that 
the  phosphoric  acid  varies  from  .040  per  cent,  to  .056  per 
cent.,  that  the  potash  varies  from  .213  per  cent,  to  .251  per 
cent,  and  the  nitrogen  from  .085  per  cent,  to  .119  per  cent. 
The'average  percentages  in  the  six  varieties  are  as  follows: 
.050  per  cent  phosphoric  acid,  .237  per  cent,  potash  and  .110 
per  cent,  nitrogen. 
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To  make  practical  application  of  this  table  we  will 
assume  that  the  average  weight  of  a  box  of  pomelos  is  80 
pounds  and  find  the  amounts  of  the  three  important  plant 
constituents  removed  by  ten  boxes  of  fruit,  800  pounds.  In 
ten  boxes  there  will  be  taken  from  the  grove  and  subse- 
quently sold  in  New  York,  Boston  or  some  other  market 
.40*  pounds  phosphoric  acid,  1.90*  pounds  potash  and  .8S* 
pounds  nitrogen.  Now,  if  each  tree  bears  ten  boxes  of  fruit, 
these  amounts  must  be  supplied  to  make  fruit  alone,  to 
say  nothing  of  the  amounts  required  to  make  wood  growth. 

Suppose  we  select  as  our  fertilizing  materials  acid 
phosphate,  analyzing  14  per  cent  available  phosphoric  aci<l. 
high  grade  sulphate  of  potash,  analyzing  50  per  cent  avail- 
able potash,  and  nitrate  of  soda,  analyzing  15  per  cent 
nitrogen.  Of  these  materials  there  will  be  required  as  fol- 
lows: Acid  phosphate  2.85  pounds  (2  lbs.  13iozs.,  approxi- 
mately); high  grade  sulphate  of  potash  3.8  pounds  (3  lbs. 
121  ozs.,  approximately),  and  nitrate  of  soda  5.86  pounds 
(5  lbs.  13J  ozs.,  approximately.)  This  gives  in  all  12.51 
pounds  (12iV  lbs.  approximately)  of  fertilizer.  If  other  fertil- 
izing materials  are  used  the  number  of  pounds  will  vary, 
but  such  amounts  must  be  used  so  as  to  supply  phosphoric 
acid,  potash  and  nitrogen  as  given  above;  that  is  a  suf- 
ficient amount  must  be  supplied  to  give  .40  pounds  phos- 
phoric acid,  1.90  pounds  potash  and  .88  pounds  nitrogen,  if 
ten  boxes  of  fruit  are  produced  by  the  trees,  or  one-tenth 
of  these  iveights  for  each  box;  namely,  .04  pounds  phos- 
phoric acid,  .19  pounds  potash  and  .088  pounds  nitrogen. 

Of  these  amounts  a  certain  portion  is  gathered  from  tlio 
soil,  but  in  giving  the  weights  as  above  no  allowance  has 
been  made  for  the  materials  obtained  from  this  source.  It 
is  deemed  best  to  supply  these  amounts  for  the  fruit  and 
make  the  necessary  deduction  from  the  amounts  required 
to  make  wood  growth.  On  the  other  hand,  no  increase  has 
been  made  to  counterbalance  the  losses  from  leaching,  etc. 
All  these  things  have  to  be  taken  into  account.  It  is  a 
noteworthy  fact,  however,  that  the  grower  who  fertilizes 
heavily  has  the  largest  crop,  the  best  fruit  and  realizes  tho 

*  Obtained  by  multiplying?  by  the  averafsre  percentage  iit  bottom  of  Table  No.  S. 
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most  from  his  trees.  Liberality  in  fertilizing  may  be  taken 
as  an  indication  of  the  grower's  care  in  all  things  pertaining 
to  the  production  of  a  first-class  fruit. 

Fertilizers — The  experience  of  most  growers  points  to 
the  use  of  chemical  fertilizers  alone  for  all  citrus  trees.  The 
grove  fruits  more  heavily,  a  better  quality  of  fruit  is 
obtained  and  the  trees  are  certainly  in  a  healthier  condition. 
Where  large  amounts  of  organic  fertilizers  are  used,  die- 
hack  will  almost  surely  afifect  the  trees,  and  ammoniated* 
fruit  or  fruit  containing  a  large  amount  of  rag  and  of  poor 
shipping  and  keeping  quality  is  the  result.  A  pomelo,  as 
already  stated,  is  in  quality  a  reflection  of  the  food  and 
cultivation  given  the  tree  on  which  it  was  borne. 

Fertilizers  should  be  applied  at  least  twice  a  year,  just 
before  or  at  the  time  of  the  commencement  of  growth  and 
again  in  summer,  about  the  month  of  July.  During  the 
winter  the  roots  of  citrus  trees  in  some  parts  of  the  State 
continue  growth,  and  it  would  appear  advisable  in  those 
parts  to  make  a  third  application  in  the  fall.  If  nitrate  of 
soda  be  used  as  a  source  of  nitrogen  it  is  best  to  apply  it  in 
three  separate  dressings,  in  March,  May  and  July,  and  the 
phosphatic  and  potash  fertilizers  twice,  as  recommended 
above.  Nitrate  of  soda  moves  readily  through  the  soil  and 
may  be  lost  to  the  tree  unless  appropriated  in  a  comparatively 
short  time  after  being  placed  in  the  soil. 

The  leaching  of  fertilizers  is  in  a  large  measure  pre- 
vented by  the  presence  of  humus,  and  pains  should  betaken 
to  maintain  a  very  considerable  quantity  of  this  material 
in  the  soil.  It  may  be  done  either  by  mulching  or  by  the 
growing  of  cover  crops. 
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EXPLANATION  OF  FIGURES  AND  PLATES. 

Frontispiece.  Cluster  of  Hall  Pomelos. 

Fig.  1.  Leaves  of  Pomelo. 

Fig.  2.  Cross  section  of  Manville  Pomelo,  three-fourths 

natural  size. 
Fig.  3.  Leaves  of  Nocatee   hybrid   Pomelo,   one-third 

natural  size,  showing  variations. 
Fig.  4.  Seeds  of  Walters  and  Hall  Pomelo.    Proof  that 

they  are  distinct  varieties. 
Plate  i.  Aurantium  and  Manville  Pomelos.    In  most 

cases    the    knife,    3^^   inches   long,    has    been 

photographed  with  the  fruit 
Plate  il  Excelsior  and  DeSoto  Pomelos.    The  Excel- 
sior to  the  left  is  scarcely  typical. 
Plate  hi.   I^uncan  and  Josselyn  Pomelos, 
Plate  iv.  Marsh  and  Triumph  Pomelos.    The  former 

showing  a  cross  section. 
Plate  v.  McKinley  and  Walters  Pomelos. 
Plate  vi.  Nocatee  hybrid  Pomelos. 
Plate  vii.  Pernambuco  and  Royal  Pomelos. 
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CAULIFLOWER 


GENERAL  REMARKS. 


From  the  experience  of  the  past  two  years  with 
cauliflower  as  a  winter  truck  crop,  on  the  horticultural 
grounds,  the  conclusion  has  been  reached  that  it  can 
he  raised  vei'y  successfully  and  with  good  profit.  It  is 
believed  that  when  given  the  same  care  as  lettuce,  cel- 
ery, cucumbers,  or  any  other  of  our  standard  truck 
crops  it  will  yield  as  large  a  return  for  the  investment. 
In  this  crop  we  have  a  valuable  addition  to  our  list  of 
remunerative  truck  crops  both  because  it  can  be  profit- 
ably grown  and  because  it  will  help  in  diversifying  gar- 
den work.  For  these  reasons  it  has  been  deem-ed  ad- 
visable to  issue  a  short  bulletin  giving  full  cultural  di- 
rections. The  cauliflower  is  grown  in  a  small  way  in  our 
State  and  in  the  South,  but  at  present  most  of  the  pro- 
duct which  finds  its  way  into  the  northern  markets 
during  the  winter  comes  from  forcing  houses  or  in 
early  winter  from  field  grown  plants  which  have  been 
developed  under  cover  after  removal  from  the  field. 
However,  the  crop  cannot  l>e  held  long,  hence  the  sup- 
ply is  usually  exhausted  early  in  the  season,  and  it  is 
probably  true  that  there  is  no  surer  market  for  any  of 
our  truck  crops  than  there  is  for  the  cauliflower.  It  will 
bring  a  good  price,  provided,  of  course,  that  a  high 
quality  of  product  is  shipped. 

The  crop  is  particularly  recommended  to  those 
sections  where  cabbage  has  been  successfully  grown. 
Certain  districts  in  Florida  have  won  an  enviable  repu- 
tation for  particular  truck  crops.  The  cauliflower  is  rec- 
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ommended  to  those  sections  where  cabbage;  aiid  celery 
have  been  successfully  grown,  but  any  district  having 
good  garden  soil  need  not  hesitate  to  undertake  the 
crop. 

CULTURAL. 

Varieties: — Florida  conditions  call  for  a  cauliflower 
of  the  forcing  type,  a  vigorous,  rapid-growing,  sure- 
heading  variety.  The  time  required  to  reach  maturity 
is  of  very  considerable  importance  and  when  every- 
thing is  taken  into  account,  the  dwarf  varieties  are  the 
only  ones  to  be  recommended.  The  most  satisfactory 
varieties,  so  far  as  our  experience  goes,  are  the  Extra 
Dwarf  Erfurt,  Early  Snowball  and  Dry  Weather.  The 
last  named  variety  has  given  particularly  good  results 
on  the  Station  grounds  and  appears  to  be  well  adapted 
to  our  rather  exacting  conditions.  It  withstands 
drought  well  and  forms  large  heads  of  excejlent  quality. 

Seed: — No  more  important  element  enters  into  the 
success  of  the  cauliflower  crop  than  the  quality  of  the 
seed  and  to  the  seed  alone  is  often  due  the  difference 
l)etween  success  and  failure,  profit  and  loss.  The  best 
seed  that  can  be  secured  is  the  cheapest  at  any  reason- 
able price,  and  it  should  always  be  obtained  from  a  well- 
ftnown,  reputable  seedsman.  The  standing  of  the  seeds- 
man is  the  only  guarantee  the  trucker  has  that  the  seed 
is  true  to  name  and  selected  from  the  best  strain.  Aside 
from  the  remarks  above,  the  variety  does  not  count  for 
so  much  as  does  the  care  exercised  in  selecting  the 
seed  of  that  variety.  The  cauliflower  is  very  prone  to 
deteriorate  and  unless  the  most  scrupulous  care  is 
taken  in  selecting  the  seed,  the  variety  will  degenerate 
rapidly.     Cauliflower  seed  is  grown  to  some  extent  in 
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America,  but  most  of  the  seed  comes  from  Denmark, 
Germany  and  Holland  and  the  best  from  the  first  nam- 
ed coimtry  (Denmark).  The  price  of  good  seed  is  from 
three  to  five  dollars  per  ounce  and  an  ounce  of  seed  will 
generally  give  about  fifteen  hundred  plants  suitable  for 
the  field.  If  an  ounce  of  seed  will  give  about  fifteen  hun- 
dred plants  and  if  they  are  set  in  the  field  as  recom- 
mended :  namely,  2x3  ft.\  7260  plants  will  be  required, 
or  between  four  and  five  ounces  for  an  acre. 

The  seed  should  be  purchased  some  time  before  re- 
quired for  planting  and  tested  as  recommended  in 
Press  Bulletin  No.  3.  In  this  way  the  percentage  germ- 
ination may  be  ascertained  and  more  seed  ordered  if 
necessary.  The  time  required  for  germination  is  from 
five  to  ten  days,  depending  upon  the  amount  of  mois- 
ture, heat  and  the  quality  of  the  seed.  Generally  speak- 
ing, those  seeds  which  germinate  first  will  give  the  best 
plants,  as,  in  well  ripened  seed,  early  germination  de- 
notes a  vigorous  constitution.  But,  if  the  seed  is  of  first- 
class  quality,  practically  all  the  plants  will  break 
through  the  soil  at  the  same  time. 

Seed-bed: — The  seed-bed  should  be  carefully  pre- 
pared. We  prefer  to  use  virgin  hammock  soil.  This 
should  be  enriched  with  a  liberal  application  of  com- 
mercial fertilizer,  or  thoroughly  decomposed  stable 
manure.  After  the  fertilizer  is  applied  it  should  be  thor- 
oughly worked  in  to  a  depth  of  three  or  four  inches. 
From  a  few  days  to  two  weeks  should  elapse  before  the 
seed  is  sown  for  there  is  great  danger  in  planting  seed 
too  soon  aftjer  applying  commercial  fertilizer  as  the  seed 
is  likely  to  be  destroyed  by  the  action  of  the  mineral 
substance  unless  it  has  been  dissolved  and  thoroughly 
incorporated  with  the  soil.  The  time  between  the  appli- 
cation of  the  fertilizer  and  the  sowing  of  the  seed  will 
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depend  upon  the  amount  of  rainfall  and  it  is  often  bet- 
ter to  wet  down  the  seed-bed  each  day  for  four  or  five 
days  before  planting  and  not  to  depend  upon  the  un- 
certain rainfall. 

On  the  horticultural  grounds  the  seed-bed  used  is  a 
portion  of  an  ordinary  cold  frame,  one  foot  high  at  the 
front,  three  feet  at  the*  back,  six  feet  wide,  forty  feet 
long  and  placed  so  as  to  face  slightly  southeast ;  during 
warm  weather  this  is  kept  shaded  during  the  middle  of 
the  day  with  a  cotton  cover  placed  about  three  feet 
above  the  frame.  (See  frontispiece.) 

Seed-Planting: — The  earliest  date  at  which  we  have 
succeeded  in  getting  a  good  stand  of  plants  is  the  first 
week  in  August.  Attempts  at  an  earlier  date  have  usu- 
ally been  unsuccessful  on  account  of  the  warm  weather, 
which  prevails  at  that  season. 

The  soil  should  be  freshly  opened  just  before  sozving, 
the  seeds  placed  in  the  soil  while  it  is  still  moist  and  cov- 
ered immediately.  This  applies  to  the  planting  of  all 
kinds  of  seed.  It  is  best  to  sow  the  seed  by  hand.  Open 
the  drill  a  half  inch  deep  with  a  pointed  stick,  scatter 
the  seed  thinly  along,  replace  the  soil  and  gently  tamp 
it  down.  The  rows  should  be  about  three  inches  apart. 
In  six  or  seven  days  the  young  plants  should  begin  to 
appear  and  the  ground  between  the  drills  should  be  cul- 
tivated. Do  not  allow  the  soil  to  drv  out  as  the  cauli- 
flower  plant  from  seed  to  head  should  never  be  check- 
ed. Neither  should  the  bed  be  kept  too  wet,  else  there 
is  danger  of  "damping  off.''  The  happy  medium  must  be 
sought.  The  bed  should  be  carefully  watched  and  if  the 
disease  does  break  out  it  mav  be  checked  bv  removing 
the  diseased  plants,  working  the  soil,  scattering  dry 
sand  and  sulphur  along  the  rows  and  w'ithholding  wa- 
ter until  the  surface  soil  becomes  drv. 
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It  might  be  pointed  out  here  that  about  six  months 
must  be  allowed  from  the  sowing  of  the  seed  until  the 
crop  matures. 

Transplanting  in  Sced-bcd: — The  plants  should  not 
be  allowed  to  remain  long  in  the  seed  row^s.  If  left  too 
long  they  will  soon  crowd  and  become  w^eak  and  spind- 
ling. When  they  have  reached  the  height  of  one  inch, 
they  should  be  pricked  oflf  and  set  in  another  portion 
of  the  bed.  They  may  be  set  in  rows  four  inches  apart 
with  the  plants  one  and  a  half  to  two  inches  apart  in  the 
rows.  Here  they  should  remain  until  ready  for  the 
field.  If  care  has  been  exercised  all  the  way  through, 
the  plants  will  be  short,  stocky  and  vigorous.  By  the 
iim«  they  are  four  or  five  inches  high  or  when  the  leaves 
have  lapped  they  are  ready  for  the  field.  It  is  not  best 
to  let  them  get  too  large,  because  there  is  often  a  de- 
lay of  a  few  days  in  order  to  obtain  good  climatic  con- 
ditions for  setting  out.  If  left  too  long  in  the  seed  bed. 
greater  care  must  be  exercised  in  transplanting,  else  the 
plants  may  suffer  a  severe  check  and  will  button  or 
break  irregularly  instead  of  forming  smooth  well- 
shaped  heads. 

Soils  and  Preparation, — Soil  which  will  produce  good 
cabbage  will  be  found  to  be  well  adapted  to  the  cauli- 
flower but  cauliflower  should  not  be  grown  after  cab- 
bage on  the  same  ground.  The  soil  should  be  rich,  well 
supplied  with  organic  matter  and  moist,  though  w^ell 
drained.  If  the  field  can  be  irrigated,  the  success  of  the 
crop  will  be  assured. 

Work  should  be  started  on  the  ground  at  least  a 
month  before  the  plants  are  set  out.  The  cauliflower  is 
a  deep  rooted  plant,  consequently  the  soil  should  be 
prepared  deeply.     It  is  not  advisable  to  turn  under  the 
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good  surface  soil  and  to  obviate  this  ground  may  be 
plowed  shallow  and  then  stirred  and  opened  with  a 
bull-tongue  to  a  depth  of  seven  or  eight  inches.  After 
this  the  surface  should  be  cultivated  to  a  d-epth  of  two 
or  three  inches.  Give  thorough  preparation  by  fre- 
quent cultivation  before  th€  fertilizer  is  applied,  pre- 
paratory to  setting  out  the  plants. 

Setting  Out, — It  is  best  that  the  plants  l)e  set  out 
either  just  before  or  immediately  after  a  rain,  but  if  this 
cannot  be  done  th-ey  should  be  set  out  late  in  the  even- 
ing and  watered,  giving  each  plant  about  a  quart  of 
water.  A  cloudy  day  is  much  preferable  to  a  clear  one 
and  if  the  day  on  which  the  plants  are  set  out  is  followed 
by  cloudy  weather  so  much  th«  better. 

The  ground  should  be  leveled  or  smoothed  over,  for 
which  purpose  a  roller  or  float  may  be  used.  After 
this  the  ground  may  be  marked  off.  Two  markers 
should  be  constructed,  one  wath  the  teeth  three  feet 
apart,  the  other  with  the  teeth  two  feet 'apart.  These 
may  be  made  of  wood  after  the  pattern  of  an  ordinary 
garden  rake.  Tn  place  of  a  marker  a  line  may  be  used 
or  the  ground  may  be  checked  off  with  a  light  hand 
plow\ 

Only  a  limited  number  of  plants  should  be  removed 
from  the  seed-bed  at  one  time.  The  leaves  should  be 
cut  back  about  one-half  or  one-third,  using  for  the  pur- 
pose a  large  pair  of  shears.  Sprinkle  the  plants  with 
water  as  soon  as  removed  from  the  bed,  place  in  a  shal- 
low box  or  basket  and  keep  them  shaded  from  the  sun. 
Two  men  and  a  boy  can  do  the  work  more  economically 
than  two  persons  can  without  the  third  assistant.  The 
boy  should  drop  the  plants  at  the  checks,  just  as  they 
are  needed  and  the  men  do  the  planting.  The  plants 
should  be  set  deep.  Use  a  dibber.  With  the  instrument 
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in  one  hand  open  a  hole  deep  -enough  for  the  plant. 
With  the  other  hand  pick  the  plant  up,  place  it  in  the 
hole  and  with  both  hands  press  the  earth  fifmly  about  it. 
After  planting  the  plants  should  be  watered,  unless  the 
soil  is  already  quite  moist  and  a  little  dry  earth  should  be 
thrown  over  the  moisture  to  act  as  a  mulch. 

Fertilisers  and  Fertiliciing: — Th«e  cauliflower  is  a 
gross  feeder  and  requires  large  amounts  of  fertilizer. 
In  short,  for  the  successful  growing  of  this  crop  the 
ground  can  scarcely  be  made  too  rich  and  fertilizer 
must  be  applied  with  a  liberal  hand. 

The  analysis  of  the  cauliflower  shows  that  it  contains 
.13  per  cent,  nitrogen,  .16  per  cent,  phosphoric  acid  and 
.36  per  cent,  potash.  To  plant  an  acre  setting  the 
plants  as  recommended,  namely,  2x3,  7260  plants  will 
be  required.  The  total  weight  of  the  crop,  granting 
that  each  plant,  root,  stem,  leaves  and  head  will  weigh 
six  poimds,  would  be  43,560  pounds.  Such  a  crop 
would  remove*  from  the  soil  56.62  pounds  of  nitrogen, 
79.69  pounds  of  phosphoric  acid  and  156.81  pounds  of 
potash. 

The  amounts  actually  found  in  the  plant  would  be 
too  little  to  apply,  for  a  certain  quantity  is  always  lost 
to  the  plant  or  cannot  be  taken  up  by  the  crop  on  the 
ground,  and  no  plant  is  capable  of  taking  up  every 
particle  of  fertilizer  that  is  applied.  Hence  the  fertilizer 
must  be  given  in  larger  amounts  than  is  actually  re- 
quired by  the  crop.  The  materials  used  in  our  work  at 
the  Station  have  been  stable  manure,  nitrate  of  soda, 
cotton  seed  meal,  acid  phosphate  and  high  grade  sul- 
phate of  potash.  The  stable  manure,  thoroughly  de- 
composed, together  with  one-half  the  commercial  fer- 
tilizer is  applied  broad-cast  from  two  to  three  weeks 
before  planting  the  crop  and  worked  into  the  soil. 
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Of  the  materials  mentioned  above  there  are  required 
250  pounds  of  nitrate  of  soda,  and  400  pounds  of  cotton- 
seed meal,  600  pounds  acid  phosphate  and  400  pounds 
high  grade  sulphate  of  potash.  Sufficient  stable  ma- 
nure is  used  to  cover  the  ground  one  inch  or  an  inch 
and  a  half  deep.  If  the  soil  is  very  rich  in  humus  the 
stable  manure  may  be  omitted,  in  which  case  the 
amount  of  fertilizer  should  be  slightly  increased. 

The  amounts  as  given  above  are  sufficient  for  any 
ordinary  soil,  at  all  suited  to  the  culture  of  the  vege- 
table, but  no  one  can  determine  how  much  is  needed  on 
any  given  field,  except  the  planter  himself.  Many  soils 
will  require  less  and  others  might  require  more  but  it 
should  be  remembered  that  the  amount  applied  bears  a 
direct  relation  to  profit.  An  attempt  might  be  made  to 
grow  the  crop  on  a  field  which  required  so  much  fer- 
tilizer as  to  reduce  the  margin  between  the  cost  and 
selling  price  below  the  profit  line. 

As  already  indicated  one-half  of  the  commercial  fer- 
tilizer may  be  applied  before  planting ;  if  so,  the  remain- 
der should  be  given  a  month  and  a  half  or  two  months 
after  the  crop  has  been  set  out.  However,  it  is  prefer- 
able that  the  nitrate  of  soda  be  applied  in  several  sep- 
arate dressings.  It  is  frequently  an  excellent  plan  to 
compost  the  acid  phosphate,  potash  and  cotton-seed 
meal  with  the  stable  manure  and  apply  it  all  before  the 
crop  is  set  out. 

If  the  fertilizer  is  divided,  the  first  application  may 
be  given  along  the  rows  in  which  the  plants  are  to  stand, 
or  it  may  be  applied  broad-cast.  The  latter  is  the  bet- 
ter plan,  but  in  either  case  the  ground  should  be  cul- 
tivated immediately  afterward.  That  portion  of  the  fer- 
tilizer which  is  applied  after  the  plants  are  set  out  and 
started  off  should  be  scattered  around  them  and  the 
ground  cultivated  or  raked. 
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Cultivation  and  Care : — The  field  should  be  frequently 
cultivated  and  the  ground  should  be  scarified  at  least 
every  week  and  after  every  rainfall.  The  best  tool  for 
cultivating  is  an  ordinary  cultivator  and  the  ground 
should  not  be  worked  to  a  greater  depth  than  two  and 
one-half  or  three  inches.  This  will  preserve  a  surface 
mulch  of  dry  earth  and  prevent  loss  of  moisture  by 
evaporation. 

As  soon  as  the  heads  commence  to  form  the  leaves 
should  be  drawn  together  at  the  top  and  loosely  tied 
near  their  tips  with  ;i  piece  of  cord  or  twine.  Raiia 
makes  a  good  substitute  for  twine  and  is  preferable  be- 
cause there  is  less  danger  of  cutting  the  leaves.  We 
have  tried  the  practice  of  breaking  down  the  leaves 
over  the  head  but  have  found  that  it  is  not  quite  so  satis- 
factory. If  the  heads  are  left  uncovered  they  becotne 
yellow  through  the  action  of  the  sun  and  rain  but  when 
the  leaves  are  drawn  together  and  tied,  they  bleach  out 
pure  white,  and  curd-like. 

Insects:* — Three  or  four  insects  trouble  the  cauli- 
flower as  well  as  the  cabbage  and  among  th^ese  may  be 
mentioned  cut  worms  and  cabbage  worms.  Of  the  lat- 
ter there  are  at  least  four  distinct  species  to  be  found 
feeding  on  the  crop  in  Florida,  these  are  Plusia  brassi- 
cae  Pieris  rapae,  Pi^ris  protodicc  and  Plutella  tnaculli- 
collis. 

The  cut  worms  may  be  controlled  by  using  poisoned 
bait.  We  have 'found  that  bran,  molasses  and  Paris 
green  makes  an  excellent  mixture  for  this  purpose.  Suf- 
ficent  Paris  green  should  be  mixed  with  the  bran  to  give 
it  a  greenish  tinge  and  to  this  should  be  added  enough 


•For  the  notes  on  insects  I  am  larKely  indebt«»d  to  Prof.  H.  A.  Gossard.  Stn- 
ion  Entomologist. 
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molasses  or  syrup  to  make  it  sticky.  This  poisoii-ed  bran 
may  then  be  scattered  in  a  small  circle  about  each  plant. 
It  is  an  excellent  plan  to  scatter  poison-ed  leaves  of  cab- 
bage, beggar-weed  or  velvet  beans  over  the  field  a  few 
days  before  planting  but  we  have  generally .  used  the 
first  mentioned  plan  and  find  it  quite  efficacious. 

Any  of  the  above  named  cabbage  worms  can  be  con- 
trolled by  using  Paris  green  or  arsenate  of  lead.  These 
poisons  can  be  applied  to  the  young  plants  before  they 
commence  to  head  with  perfect  safety  to  the  consumer. 
There  is  considerable  difficulty  in  using  Paris  green  in 
solution  as  the  mixture  will  not  stick  to  the  plants. 
This  can  be  overcome  by  using  dissolved  soap  in  the  so- 
lution, one  pound  of  hard  soap  to  forty  gallons  of  mix- 
ture. The  arsenate  of  lead  should  be  used  in  th-e  pro- 
portion of  three  or  four  ounces  to  forty  gallons  of  water 
and  Paris  green  in  the  same  proportion.  With  Paris 
green  a  certain  amount  of  milk  of  lime  should  always 
be  used  to  prevent  scorching  of  the  foliage.  Paris 
green  may  be  put  on  the  plants  in  the  form  of  a  powder 
by  mixing  it  with  flour.  One  pound  of  Paris  green  to 
forty  pounds  of  flour  makes  a  powder  of  good  strength. 
This  should  be  dusted  over  the  plants  while  the  dew  is 
on  them.  The  flour  mixture  may  produce  burning  if 
too  freely  used,  so  some  prefer  to  mix  with  lime,  a 
leveled  teaspoonful  of  Paris  green  being  used  with  a 
quart  of  lime  and  applied  by  dusting  in  exactly  the 
same  way  as  with  the  flour  mixture.  Arsenate  of  lead 
may  be  prepared  as  follows :  Take  1 1  ounces  of  acetate 
of  lead  and  4  ounces  of  arsenate  of  soda  and  dissolve  to- 
gether in  two  or  three  gallons  of  water.  This  should  be 
diluted  to  100  giallons  for  immediate  use.  The  same 
amount  of  poison  can  be  used  in  30  or  even  10  gallons 
of  water  without  danger  of  injur\'  to  the  plants.     Arse- 
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nate  of  lead  already  prepared  may  be  procured  of  Wm. 
H.  Swift  &  Co.,  Boston,  Mass. 

MARKETING. 

/ 

Gathering, — Cauliflower  may  be  cut  before  it  is  ma- 
ture but  the  flavor  is  not  so  well  developed  as  it  is  when 
the  heads  are  full  grown.  For  winter  shipment  heads 
from  four  to  six  inches  in  diameter  are  of  a  desirable 
size  and  the  market  will  take  them  fully  as  well  or  bet- 
ter than  large  ones. 

The  field  should  be  picked  over  at  least  every  two  or 
three  days  during  the  season,  though  heads  will  remain 
in  good  condition  for  nearly  a  week  if  the  weather  be 
cold.  Examine  the  head  by  separating  the  leaves  on  the 
side.  As  soon  as  the  head  is  well  rounded  up  in  the  cen- 
ter and  developed  so  as  to  force  the  leaves  outward,  and 
assumes  a  grained  appearance,  it  will  be  found  to  be 
fully  matured. 

The  heads  should  be  cut,  preferably,  when  dry.  If 
moist  they  are  likely  to  decay  in  transit.  The  best  time  of 
day  is  the  afternoon  if  they  are  intended  for  long  dis- 
tance shipment.  About  an  inch  of  stem  should  be  left  on 
the  head  and  three  rows  of  leaves.  After  cutting,  the 
heads  should  be  carfeully  placed  in  a  wagon  and  carried 
to  the  packing  house  or  on  dry  pleasant  days  packing 
may  be  done  in  the  field. 

Packing, — The  package  recommended  for  gen- 
eral use  is  the  ordinary  lettuce  basket.  Before 
packing,  the  leaves  should  be  cut  back  to  stubs, 
leaving  them  somewhat  longer  than  shown  in  the  illus- 
trations. Each  head  should  be  carefully  wrapt  in  a 
large  sheet  of  white  glazed  paper.  The  baskets  should 
be  packed  snug  and  tight  without  bruising  the  beads. 
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and  only  those  of  uniform  size  should  be  placed  in  each 
basket.  Never  place  different  sizes  in  the  same  pack- 
age and  always  discard  inferior  or  injured  heads;  the 
compost  heap  is  the  place  for  them. 

H.  Harold  Hume. 
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INTRODUCTION 


It  is  well  known  that  a  very  large  portion  of  the  money 
received  by  the  farmers  of  Florida,  from  the  sale  of  their 
staple  crops,  is  sent  out  to  the  states  north  and  west  of  us 
for  hay.  cattle  foods,  meat  products,  and  nitrogenous  fertili- 
zers./The  market  prices  of  the  staple  crops  produced  in  Flor- 
ida for  a  number  of  years  past  have  been  so  low  that  those 
engaged  in  producing  them  have  been  forced  to  exercise  rig- 
id economy  along  certain  lines  in  order  to  keep  their  ex- 
penses within  their  income.  As  a  result  many,  and  I  may  say 
the  majority,  of  those  producing  cotton,  com,  and  tobacco 
are  relatively  in  a  much  poorer  financial  condition  than  the 
farmers  of  the  west,  who  give  their  time  to  growing  wheat, 
corn  and  hay.  This  condition  has,  to  a  large  extent,  been 
brought  about  through  the  practice  acquired  by  our  farm- 
ers of  spending  their  cash  for  those  products  above  mention- 
ed. This  has  contributed  to  the  prosperity  of  the  western 
farmers  as  well  as  to  the  poverty  of  the  Florida  farmers,  for 
the  things  purchased  can,  for  the  most  part, be  more  econom- 
ically produced  in  this  state  than  elsewhere,  to  say  noth- 
ing of  the  additional  cost  of  transportation,  which  alone  is  an 
enormous  tax  on  our  resources  as  well  as  those  of  the  entire 
south.  It  has  been  conclusively  demonstrated  that  foods  for 
cattle  can  be  more  abundantly  produced  in  Florida  in  greater 
variety  and  at  less  expense  than  in  the  states  from  which  we 
have  been  purchasing  these  supplies  for  a  quarter  of  a  cen- 
tury. Tliis  being  true  it  stands  to  reason  that  meat,  ffom  both 
swine  and  cattle,  may  be  produced  at  home  with  less  labor 
and  smaller  outlay  than  in  the  west  where  the  severe  winter 
weather  must  be  provided  against. 
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The  farmers  of  this  state  are  in  a  position  to  be  the  most 
independent  of  any  in  our  country.  The  excellent  condition 
of  a  few  of  our  farmers  attests  the  correctness  of  this  state- 
ment so  that  it  is  not  mere  theory  but  a  demonstrated  fact. 
Another  burden  which  has  weighed  heavily  upon  our  farm- 
ers has  been  the;  injudicious  expenditure  of  their  money  for 
commercial  fertilizers.  The  most  expensive  constituent  of 
these  fertilizers  is  nitrogen,  and  the  necessity  of  those  en- 
gaged in  general  farming  for  purchasing  this  costly  element 
does  not  exist.  This  nitrogen  costs  from  twelve  to  eighteen 
cents  a  pound  while  potash  and  phosphoric  acid  cost  only 
about  five  cents  a  pound.  For  every  pound  of  nitrogen  elim- 
inated from  a  fertilizer  three  pounds  of  potash  or  phosphoric 
acid  may  be  substituted  without  altering  the  cost.  Every 
farmer  in  Florida  has  it  in  his  i>ower  to  make  this  substitution 
and  to  produce  all  the  nitrogen  at  home  which  his  farm  re- 
quires at  little  or  no  expense.  This  may  be  accomplished  by 
growing  some  of  the  leguminous  crops  such  as  melilotus, 
clover,  winter  and  hairy  vetches,  alfalfa,  beggar-weed,  cow- 
peas,  and  velvet  beans.  Those  best  adapted  to  our  needs  are 
cow-peas,  hairy  vetch,  beggar-weed  and  velvet  beans.  It  is  re- 
assuring to  notice  that  many  of  our  farmers  are  becoming  in- 
terested in  the  merits  of  these  plants  and  are  beginning  to 
take  advantage  of  them  for  restoring  the  fertility  of  their 
farms. 

If  our  farmers  are  to  better  their  condition  thev  must 
combine  brains  with  their  labor  and  take  advantage  of  every- 
thing which  nature  furnishes  so  that  they  may  diminish  the 
outgo  and  increase  the  income.  A  great,  many  letters  are  re- 
ceived at  the  Station  asking  for  information  regarding  the 
velvet  bean,  and  sine  this  plant  is  one  of  the  many  which  will 
help  the  Florida  farmer  to  become  more  prosperous,  it  has 
been  throught  well  to  make  it  the  subject  of  this  bulletin. 
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THE  VELVET  BEAN. 

While  this  plant  has  been  known  in  the  State  for  more 
than  twenty-five  years  it  received  little  attention  prior  to 
1895.  Until  this  time  it  had  been  used  in  Florida  to  a  lim- 
ited extent  as  an  ornamental  vine.  The  attention  of  this  Sta- 
tion was  directed  to  the  plant  in  1895  by  Mr.  W.  P.  New- 
heart,  of  Ocoee,  who  stated  that  it  had  been  used  in  his 
neighborhood  about  twenty  years  as  a  covering  for  trellises 
and  unsightly  places.  He  was  so  impressed  by  the  enormous 
growth  the  plant  made  that  he  decided  to  try  it  in  his  orange 
grove  as  a  soil  renovator  and  was  very  much  pleased  with  the 
results.  (Bulletin  35,  page  343  Florida  Experiment  Station.) 

A  short  article  was  written  on  the  plant,  after  growing 
one  crop  at  the  Station,  by  Dr.  O.  Clute  and  published  in 
Bulletin  No.  35. 

Since  its  introduction  at  the  Station  in  1896  it  has  been 
planted  each  succeeding  year  and  a  number  of  field  and  lab- 
oratory experiments  have  been  conducted  in  connection  with 
it.  In  the  meantime  knowledge  of  it  has  become  quite  general 
in  Florida  and  at  present  many  farmers  in  the  state  make 
use  of  it. 

The  following  description  of  the  plant  has  been  furnish- 
ed me  by  Mr.  H.  Harold  Hume,  of  the  Station  Staff. 

Muama  utilis  (Wallich)  Velvet  Bean, — A  twining  vine 
frequently  upwards  of  75  feet  in  length,  stem  branching, 
smooth  and  rather  slender.  Leaves  trifoliate,  leaflets  rombic- 
ovate  or  broadly  ovate,  acute  at  the  apex,  rounded  at  the 
base,  4  inches  long,  21-2  inches  wide.  Lateral  ones  inequilat- 
eral, pedicle  4  inches  in  length,  stipules  and  stiples  inconspic- 
uous; inflorescence  axillary  racemose,  drooping,  frequently  a 
foot  or  more  in  length ;  flowers  in  groups  of  three  at  a  point, 
groups  arranged  spirally,  three  to  thirty  flowers  in  th-e  ra- 
ceme ;  pedicles  short,  calyx  greenish,  changing  to  gray  in 
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fruit,  corolla  deep  purple,  standard  short  and  blunt,  wings 
about  twice  as  long  as  the  standard,  narrow  and  blunt,  keel 
whitish  purple,  closely  surrounding  the  stamens ;  Legumes  3 
inches  long,  5-16  inch  thick,  5-8  inch  wide,  falcate,  roundish 
and  constricted  slightly  between  the  seeds,  blunt  covered 
with  a  dark  velvety  pubescence,  whence  the  common  name ; 
seeds  9-16  to  5-8  of  an  inch  in  length,  5-16  inch  thick,  7-16 
inch  wide,  rather  oblong  in  outline,  marked  and  spotted  with 
brown  and  dirty  white,  hilum  about  1-4  inch  in  length,  ele- 
vated and  distinctly  marked.  The  plant  is  a  native  of  India, 
introduced  into  America  by  the  United  States  Department 
of  Agriculture  about  twenty-five  or  thirty  years  ago. 

Nodules  1-8  to  I  1-4  inches  in  digimeter,  brownish  black, 
tuberculate  broad,  flat,  about  1-8  to  1-4  inch  in  thickness,  in- 
terior greenish  or  pinkish  green. 

VELVET  BEAN  CULTURE. 

The  velvet  bean  requires  a  long  season  in  order  to  ma- 
ture the  seed;  therefore,  its  cultivation  will  be  confined  to 
sections  where  the  growing  period  is  fully  eight  months.  It 
will  do  well  and  mature  the  seed  in  Florida  and  the  southern 
part  of  the  Gulf  States.  The  plant  grows  well  as  far  north  as 
Tennessee,  but  beyond  southern  Georgia  it  is  necessary  to 
purchase  seed  each  year  for  planting. 

In  Florida  the  planting  should  be  done  in  March  or 
April.  The  quantity  of  seed  to  be  used  for  planting  an  acre 
may  be  varied  from  one  to  two  bushels.  The  planting  may  be 
broadcast  yet  it  is  better  to  plant  in  rows  about  four  feet 
apart  leaving  a  space  of  from  one  to  two  feet  in  the  row.  This 
admits  of  cultivation  until  the  plants  are  well  established  and 
aids  in  freeing  the  land  from  objectionable  weeds  and  grass, 
and  so  the  resulting  forage  will  be  much  better  than  other- 
wise. After  the  velvet  bean  obtains  possession  of  the  soil 
it  shades  the  ground  so  completely  that  other  plants  are 
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ical  illustrations  of  these  nodules.  No.  Ill  is  from  a  photo- 
graph of  a  root  of  the  velvet  bean  that  was  carefully  removed 
from  the  soil  so  as  not  to  break  off  the  nodules.  No.  IV  is 
from  a  photograph  showing  the  actual  size  of  some  of  these 
nodules.  These  nodules  are  found  on  the  same  plant  in  vari- 
ous stages  of  development  from  the  size  of  a  bird  shot  to 
that  of  the  one  shown  in  the  illustration. 

The  roots  and  stubble  contain  a  considerable  portion  of 
the  nitrogen  obtained  from  the  air  and  as  they  are  left  in  the 
soil  decomposition  gradually  takes  place  and  the  nitrogen 
thus  becomes  converted  into  a  form  that  is  available  to  those 
plants  which  do  not  have  the  power  of  obtaining  a  supply 
directly  from  the  atmosphere.  The  whok  of  the  nitrogen  ob- 
tained from  the  air  by  a  crop  of  velvet  beans  is  by  no  means 
left  in  the  roots  but  the  greater  portion  of  it  is  stored  up  in 
the  leaves,  vine,  and  seed,  though  the  soil  gains  much  of  this 
from  the  leaves  which  are  shed  by  the  plant.  If  so  desired  the 
entire  plant  may  be  left  to  decay  on  the  surface  and  turned 
under  the  following  spring,  but,  it  is  not  advisable  to  turn  un- 
der the  green  vine  as  it  will  cause  the  land  to  become  sour 
and  this  will  have  to  be  corrected  by  an  application  of  lime. 
It  is  not  even  profitable  to  let  the  plant  die  down  on  the  sur- 
face and  subsequently  turn  it  under,  inasmuch  as  the  hay 
which  may  be  made  from  the  vine  is  much  more  valuable  as* 
a  food  than  the  vine  is  worth  as  a  fertilizer.  Besides,  if  prop- 
erly managed  the  fertilizing  constituents  of  the  hay  may,  to 
a  large  extent,  be  saved  in  the  form  of  manure.  In  fcrder  to 
form  an  estimate  of  the  quantity  of  nitrogen  which  may  be 
procured  from  the  air  through  the  use  of  the  velvet  bean,  the 
root  from  a  vine  was  carefully  removed  from  the  soil,  dried, 
weighed  and  analyzed.  The  results  were  then  calculated  to 
the  basis  of  one  acre.  It  was  found  that  on  one  acre  six  hun- 
dred and  ninety  pounds  of  dried  root  would  be  produced. 
This  root  contained  1.41  per  cent  of  nitrogen,  so  from  the 
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root  alone  9.7  pounds  of  nitrogen  would  be  added  to  an  acre 
of  ground. 

This  could  not  be  considered  a  fair  index  to  the  weight 
of  nitrogen  added,  in  as  much  as,  most  of  the  nodules  had  al- 
ready decomposed  when  the  root  was  collected  and  the  ni- 
trogen from  these  is  not  included  in  the  estimate.  The  quan- 
tity of  nitrogen  was  also  estimated  which  was  removed  in  the 
hay  from  an  acre. 

Weight  of  green  vine  on  an  acre 21 132  pounds. 

Weight  of  dry  hay 5953  pounds. 

Percentage  of  nitrogen  in  hay 2.21 

Weight  of  nitrogen  in  hay 131  •  5  pounds. 

In  this  way  it  is  shown  that  a  crop  of  velvet  beans  on  one 
acre,  after  yielding  three  tons  of  hay,  supplier  9.7  pounds  of 
nitrogen  to  the  soil,  a  quantity  which  is  usually  sufficient  for 
the  following  crop.  If  on  the  other  hand  the  hay  is  turned 
under  after  drying,  an  acre  of  land  would  have  its  nitrogen 
increased  by  141. 2  pounds.  It  would  then  be  unnecessary  to 
add  nitrogen  to  land  so  treated  for  several  years.  The  entire 
amount  of  nitrogen  saved  in  this  manner  represents  a  cash 
value  of  from  fifteen  to  eighteen  dollars.  Similar  investiga- 
tions have  been  carried  out  by  Dr.  W.  C.  Stubbs  and  C.  E. 
Moores  at  the  Louisiana  Station ;  also  by  J.  r .  Duggar  and 
Dr.  J.  T.  Anderson  of  the  Alabama  Station.  The  results  ob- 
tained in  the  three  different  states  are  given  here  in  tabular 
form,  and  while  considerable  variations  exist  this  is  to  be 
somewhat  expected  since  the  conditions  must  hav^  beeai 
very  different.  These  results  show  very  conclusively  that  the 
velvet  bean  is  a  valuable  plant  for  restoring  nitrogen  and  hu- 
mus to  our  impoverished  soils. 
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Weight  of  green  material  from  an  acre 

Weight  of  dried  material  from  an  acre 

Weight  of  dried  roots  from  an  acre 

Weight  of  pitrogen  in  vines  from  an  acre 
Weight  of  nitrogen  in  roots  from  an  acre 
Total  nitrogen  in  crop  from  one  acre 
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LA. 

TLA. 

19040 

22010 

21132 

8240 

7406 

5063 

1258 

101 

«00 

201.3 

170 

131 .5 

1«.6 

2.0 

0.7 

218.0 

172  0 

141.2 

• 

A  most  striking  example  of  how  the  soil  may  be  reno- 
vated through  the  use  of  the  velvet  bean  is  seen  from  the  re- 
sults of  a  field  experiment  made  by  J.  F.  Duggar  at  the  Ala- 
bama Station.  Oats  wexe  planted  on  a  plot  following  velvet 
bean  stubble,  on  a  plot  following  velvet  bean  turned  under* 
and  on  a  plot  following  crab  grass  hay.  Only  potash  and  phos- 
horic  acid  were  used  as  fertilizer.  The  cultivation  and 
fertilizing  of  the  plot,  being  alike  in  each  case.  As  a  result  the 
plot  on  which  the  vines  were  turned  under  yielded  oats  at  the 
rate  of  twenty-eight  bushels  an  acre,  that  on  which  the  oats 
followed  the  velvet  bean  stubble  yielded  at  the  rate  of  thirty- 
eight  bushels  an  acre,  while  the  plot  on  which  the  oats  follow- 
ed the  crab  grass  yielded  only  seven  bushels  per  acre.  (Sec 
Bulletin  No.  95  Alabama  Experiment  Station). 

Two  facts  are  brought  out  by  this  experiment:  first, 
it  is  better  to  utilize  the  velvet  bean  as  hay  than  to  turn  it 
under  for  fertilizer;  second,  by  following  velvet  bean  with 
oats  more  than  five  times  as  much  grain  was  produced  with 
the  same  outlay  of  labor  and  fertilizer.  One  objection  to  this 
method  of  soil  improvement  is  that  it  requires  two  years  to 
produce  the  desired  crop,  yet  it  will  prove  much  more  profit- 
able to  raise  a  crop  of  hay  one  year,  which  is  worth  far  more 
than  the  cost  of  making  it,  and  then  obtain  a  heavy  yield  of 
grain  one  season  than  get  small  returns  two  years  or  else  re- 
sort to  purchasing  nitrogen.  It  will  fwiy  to  give  up  a  part  of 
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the  farm  to  velvet  bean  each  year  and  by  proper  rotation 
build  up  the  soil  to  a  high  state  of  productiveness.  It  must 
be  remembered  that  the  velvet  bean  supplies  nitrogen  only, 
and  if  the  land  is  deficient^in  the  other  plant  foods  these  must 
be  supplied  from  artificial  sources. 

VELVET  BEAN  AS  FORAGE.       , 

Attention  has  been  called  to  the  fact  that  velvet  bean 
hay  contains  a  large  quantity  of  nitrogen  for  which  it  is  val- 
uable for  restoring  this  element  to  the  soil,  though,  as  before 
stated,  it  is  not  economical  to  turn  the  crop  under  for  this 
purpose.  The  percentage  of  nitrogen  multiplied  by  6.  25  gives 
the  percentage  of  crude  protein  in  the  hay.  The  feeding  value 
'  of  the  hay  then  is  much  greater  than  its  fertilizing  value,  be- 
sides a  very  large  portion  of  the  fertilizing  elements  may  be 
saved  as  manure,  while  the  hay  at  the  same  time  may  be  con- 
verted into  meat,  milk,  and  butter.  In  this  way  two  values  are 
utilized,  while  if  the  hay  is  turned  under  only  the  lesser  value 
is  turned  to  profitable  account. 

In  making  use  of  the  velvet  bean  as  a  food  for  animals 
three  methods  may  be  followed :  the  vine  may  be  fed  green 
or  the  field  converted  into  a  pasture;  the  vine  may  be  con- 
verted into  hay  and  saved  for  winter  feeding ;  the  beans  may 
be  gathered  and. prepared  for  use  as  a  concentrated  food.  In 
making  use  of  velvet  beans  as  food  care  should  be  exercised 
not  to  start  an  animal  on  a  full  feed  either  of  the  green  vine 
or  the  bean  meal,  as  the  result  may  prove  injurious  and  pos- 
sibly fatal.  The  value  of  a  food  depends  to  a  great  extent  on 
its  compositon  though  it  is  not  possible  to  arrive  at  this  value 
by  an  analysis  alone.  We  must  know  not  only  the  constitu- 
ents in  the  food  but  must  also  know  the  digestive  coefficients 
of  these  constituents.  Food  is  for  the  purpose  of  building  up 
waste  tissues,  that  is,  for  the  production  of  flesh,  muscle, 
blood,  nerves,  etc.,  and  for  supplying  energy  and  heat. 
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In  a  food  there  are  two  classes  of  compounds  which  arc 
important,  the  proteids,  or  albuminoids/  which  tend  to  pro- 
duce flesh,  muscle,  blood,  nerve,  etc.,  and  the  carbohydrates, 
which  produce  heat,  fat  and  energy.  Most  foods  also  contain 
fats  which  like  the  carbohydrates  are  heat  producing  sub- 
stSinces  though  one  pound  of  fat  is  equivalent  to  about  two 
and  one-fourth  pounds  of  carbohydrates.  The  carbohydrates 
consist  of  the  sugars,  starch,  fiber,  etc.,  whil-e  the  proteids 
are  nitrogenous  compounds,  the  most  expensive  constituents 
of  a  food.  While  it  is  possible  for  the  carbohydrates  to  supply 
only  fat,  energy,  and  heat,  protein  will  supply  both  flesh  and 
energy,  yet  to  convert  protein  into  energy  or  fat  is  not  eco- 
nomical as  these  may  be  obtained  at  much  lower  cost  from 
the  much  less  costly  carbohydrates.  For  the  best  and  most 
economical  results  the  quantity  of  digestible  protein  should 
bear  a  certain  ratio  to  the  digestible  fat  or  h-eat  forming  con- 
stituents in  a  ration.  This  ratio  varies  within  certain  limits,  de- 
pending upon  the  kind  of  animal  and  the  character  of  work 
the  animal  is  engaged  in,  though  in  general  the  ratio  should 
be  about  on-e  of  protein  to  six  of  heat  or  fat  producing  constit- 
uents. In  order  to  find  the  digestive  coefficients  of  the  differ- 
ent constituents  of  a  food  it  is  necessarv'  to  feed  an  animal 
a  weighed  amount  of  the  food  in  question  (the  composition 
of  which  has  been  determined  by  analysis),  to  collect  all  the 
excrement  from  this,  weigh  it  and  determine  its  composition. 
The  difference  between  the  amount  of  any  constituent  fed 
and  the  amount  excreted  represents  the  amount  digested  by 
the  animal.  The  amount  digested  divided  by  the  amount  f«d 
gives  the  digestible  coefficient  of  that  constituent  in  the  food 
under  consideration. 

An  experiment  of  this  nature  was  conducted  by  the 
Chemical  Department  of  the  Station  to  ascertain  the  nutri- 
tive ratio  of  green  velvet  bean  vines.  By  nutritive  ratio  we 
mean  the  ratio  of  digestible  flesh  forming  constituents  to  the 
digestible  fat  forming  substances. 
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Two  healthy  young  steers  were  selected  for  the  experi- 
ment. They  were  confined  in  stalls  and  were  fed  on  the  green 
vine  seven  days  before  the  collections  were  begun,  in  order  to 
allow  the  excrement  from  other  food  to  pass  out  of  the  ani- 
mals. The  -experiment  was  started  October  29,  1900  and  con- 
tinued six  days.  The  animals  were  fed  three  times  daily,  the 
vines  being  weighed  for  each  animal.  A  small  sample  of  the 
vine  was  selected  each  day,  these  were  after\vards  mixed  and 
analyzed.  All  the  waste  vine  was  collected  after  each  feeding, 
weighed  and  analyzed.  In  addition  to  this  oil-cloth  bags  were 
secured  to  the  animals  in  such  a  manner  as  to  collect  all  the 
excrement,  which  was  removed  twice  daily  and  weighed.  All 
the  material  thus  obtained  was  kept  separate  for  each  animal 
and  prepared  for  analysis. 

In  the  table  below  the  results  obtained  from  this  exi>eri- 
ment  are  given  in  condensed  form : 

Table  No.  i.  Digestion  of  green  velvet  bean  vines; 
showing  the  weight  in  ounces  of  the  material  and 
constituents  fed,  wasted,  and  excreted,  together  with 
the  percentage  of  each  digested,  and  the  nutritive 

RATIO. 

STEER  NO.  I 


ft. 

« 

*» 

«« 

98 

__ 

s 

HI 

Vi 

3 

Prot< 

£ 

^ 

< 

Ounces  fed 

Ounces  wastf^d 

Ounces  consumc'd .  . 

Ounces  excreted 

OuDoes  digested 

Percentage  dijcested 


Ntttritive  ratio 1 :  5.3 


S568 

935.5 

138.8 

22.1 

302.2 

'  58.5 

1 

&I8 

m.4 

18.0 

34 

71.9 

9.6 

3oao 

758.1 

120.8 

18.7 

230.3 

48.9 

1152 

260.9 

31.6 

4.2 

96.1 

52.5 



507.2 

80.2 

14.5 

134.2 

-3.6 

1 

66.9 

73.8 

1 

77.5 

58  2 

1 

go, 


413.9 
74.5 

339.4 
66.5 

2r^9 
80.4 
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STEER  NO.  2. 


OuQoes  (ed 

Ounces  wasted 
Ounces  consumed.... 

Ounces  excreted 

Ounces  digested 

Percentage  digested 


3832 

817.4 

125.7 

20.0 

2ri.7 

630 

416 

134.0 

13.7 

2.5 

54.3 

7.8 

2716 

713.4 

112.0 

17.5 

219.4 

45.7 

1208 

201.6 

30.5 

26 

85.7 

32.8 

.  ... 

511.8 

81.5 

14  0 

133.7 

12.9 

.  .  .. 

71.6 

7i.8 

85.1 

60.9 

28.2 

375.0 
66.2 

318.8 
50.0 

268.8 
84.3 


Nutritive  ratio J 1 5.7 

The  results  obtained  with  the  two  animals  are  fairly  con- 
cordant, the  nutritive  ratio  in  one  case  being  1 15.3,  while  in 
the  other  case  i  15 . 7.  If  we  accept  the  average  of  these  results 
for  the  nutritive  ratio  of  green  velvet  bean,  the  ratio  will  be 
that  which  is  considered  best  for  a  horse  at  hard  work  or  for 
fattening  a  steer  during  the  middle  period. 

The  ash  constituents  which  are  digested  form  the  bone 
and  mineral  matter  of  the  animal  body,  but  this  is  not  includ- 
ed in  the  calculations  when  finding  the  nutritive  ratio.  It  will 
be  noticed  that  with  steer  no.  i  more  ash  seems  to  have 
been  excreted  than  consumed,  this,  however,  is  the  result  of 
being  unable  to  get  the  sand,  which  was  in  the  sample,  uni- 
formly distributed,  so  the  ash  content  is  too  low  as  represent- 
ed in  the  analysis  of  the  food.  For  the  sake  of  comparison  it 
may  be  stated  that  the  nutritive  ratio  of  green  cowpea  vine 
is  1 :5. 1. 

Another  experiment  similar  to  the  one  just  described  was 
begun  January  7,  1901,  in  which  velvet  bean  hay  was  used. 
The  hay  was  gathered  in  October  and  was  of  inferior  quality 
as  it  was  collected  too  late  in  the  season.  This  was  the  onlv 
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material  available  at  the  time  of  starting  the  experiment, 
though  it  was  not  known  until  after  the  experiment  was  com- 
pleted that  the  hay  was  so  inferior  as  the  analysis  showed  it 
to  be.  In  this  experiment  the  period  continued  only  five  days 
as  one  of  the  animals  began  to  develop  abnormal  symptoms 
on  the  fifth  day.  Below  are  given  the  results : 

Table  No.  2.  Digestion  of  velvet  bean  hay;  show- 
ing THE  weight  in  OUNCES  OF  THE  MATERIAL  AND  CONSTI- 
TUENTS FED,  WASTED,  CONSUMED  AND  EXCRETED,  TOGETHER 
WITH  THE  PERCENTAGE  OF  EACH  DIGESTED,  AND  THE  NUTRI- 
TIVE RATIO. 

STEER  NO.  I 


b 

S 

«s 

a 

,« 

S 

•35 

»• 

5 

0 

J? 

■S 

i5 

.a 

H 

Q 

Cb 

% 

fu 
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o  ** 


Ouuces  fed II28 

Ounces  wasted  

Ounces  consumed 


Ounces  excreted 840 

Ounces  digested 

Percentage  digested 


Nutfilive  ratio J  :  J2 


'  II28 

1016 

'    89.0 

17.5 

4628 

36.0 

28) 

261.2 

1     14.3 

3.0 

120.4 

8.0 

848 

794.8 

75.6 

14.5 

332.4 

28.0 

'     840 

246.2 

28.0 

3.6 

86.3 

25.0 

1 
1 

548.6 

47.6 

10.0 

246.1 

3.0 

J 

60.0 

63.0 

76.1 

74.0 

10.4 

448.0 
105.5 
343.4 
102  4 
241.0 
702 


STEER  NO.  2. 


Ounces    fetl 

Ounces  wasted 

Ounces  consumed  ... 

Ounces  excreted 

Ounces  digested 

l^rt^Dtage  digested 


1148 
340 

808 
668 


1064.6 

01.5 

17.8 

460.8 

300.0 

18.0 

4.S 

140.1 

754.6 

72.6 

13.5 

311.7 

155  1 

18.4 

2.4 

56.2 

500.5 

542 

11.1 

256.5 

70.4 

74.6 

! 

82.2 

81.0 

37.7 
12.7 
25.0 


456.7 
1S4.0 
331.8 


16  5  '  61.6 

8.5  i  270.2 

I 

30.4  I  81.2 


Nutritive  ratio J  :  UA 
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The  hay  used  in  the  above  experiment  had  the  following 
composition : 

Water 7 .  27  per  cent 


97  percent 
55  per  cent 
14  percent 
28  per  cent 
79  percent 


Protein 7 

Fats I 

Fiber 40 

Ash 3 

Nitrogen  free  extract 39 

It  will  at  once  be  seen  that  this  hay  is  much  inferior  in 
composition  to  hay  cut  at  the  proper  season  by  comparing 
the  above  figures  with  those  given  later  under  laboratory 
number  11 13.  It  will  be  observed  that  the  digestive,  coeffici- 
ents obtained  with  the  two  animals  differ  considerably,  which 
is  not  entirely  unexpected  since  the  condition  of  an  animal 
has  much  influence  on  its  digestion.  TKe  experiment  was  clos- 
ed one  day  earlier  than  intended  on  account  of  Steer  No.  i 
developing  abnormal  symptoms.  The  results  obtained  with 
Steer  No.  2  perhaps  more  nearly  represent  the  digestive  co- 
efficients of  the  hay.  The  nutritive  ratio  as  found  with  Steer 
No.  I  of  the  hay  used  is  i  :i2  while  with  Steer  No.  2  it  is 
1:11.4.  By  using  the  digestive  coefficients  obtained  in  the 
above  experiment  and  applying  them  to  a  better  hay  such  as 
No.  1 1 13  the  analysis  of  which  follows,  the  nutritive  ratio  be- 
comes 1 :6.2  according  to  figures  from  Steer  No.  i,  and  i  :5.9 
according  to  figures  from  Steer  No.  2.  We  may  safely  act  on 
the  assumption  that  the  nutritive  ratio  of  good  velvet  bean 
hay  is  i  :6.  We  hope  to  repeat  this  experiment  with  a  good 
grade  of  hay  some  time  in  the  near  future.  The  nutritive  ratio 
of  good  cow  pea  hay  is  1 14 . 7. 

TIME  FOR  CUTTING  VELVET  BEAN  HAY. 

In  order  to  form  some  idea  as  to  the  best  time  to  harvest 
velvet  bean  vines  for  hay  eight  samples  were  collected  at  dif- 
ferent stages  of  growth,  dried  and  analyzed. 
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Laboratory  No.  mi,  cut  September  22,  1899,  in  bloom. 

Laboratory  No.  11 12,  cut  September  29,  1899,  pods 
forming. 

Laboratory  No.  11 13,  cut  October  9,  1899,  pods  well 
formed. 

Laboratory  No.  11 14,  cut  October  13,  1899,  pods  swell- 
ing. 

Laboratory  No.  in 5,  cut  October  20,  1899,  pods  half 
matured. 

Laboratory  No.  11 16,  cut  October  2y,  1899,  pods  nearly 
matured. 

Laboratory  11 17,  cut  November  3,  1899,  pods  matured. 

Laboratory  No.  11 18,  cut  November  10,  1899,  vine  and 
pods  very  tough. 

The  analyses  of  these  samples  are  here  given  and  for  the 
sake  of  comparison  the  results  are  calculated  to  the  water 
free  basis. 

TABLE  NO.  3  SHOWING  THE  PERCENTAGE  COMPOSITION  OF  VEL- 
VET BEAN  HAY  CUT  AT  DIFFERENT  STAGES  OF  GROWTH. 


Laboratory 
No. 

a. 

Fats 

^                      1 

s 
u 

0 

1 
1 

< 

22 

•J  *- 

2k 

J 

Dry  Matter  iu 
Original  Ma- 
terial 

nil 

15.20 

1.33 

40.J7 

0.63 

36.67 

27.1 

1112 

14.34 

2.12 

96.26 

5.90 

41.38 

• 

30.6 

1113 

14.79 

1.25 

40-32 

7.21 

36.43 

25.2 

1114 

15.02 

1.82 

32.21 

6.16 

44.19 

29.9 

1115 

15.51 

2.11 

31.23 

6.55 

44.60 

27.8 

1116 

13.24 

2.31 

31.72 

6.88 

46.35 

30.2 

1117 

18.65 

3.07 

31-17 

6.18 

45.03 

38.0 

1118 

14.22 

3.42 

28.41 

6.89 

47.06 

31.6 
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It  would  be  manifestly  unwise  to  attempt  to  draw  def- 
inite conclusions  from  only  one  set  of  analyses  of  this  char- 
acter, as  inferences  to  be  of  value  must  be  drawn  from  a  large 
number  of  results.  The  results  given  seem  to  bear  out  the  idea 
that  during  the  last  month  of  the  plant's  life  no  great  amount 
of  additional  material  is  produced  but  that  the  material  in  the 
vine  undergoes  considerable  change.  Certain  elements  in  the 
vine  are  drawn  upon  and  stored  up  in  the  seeds  where  it 
becomes  available  to  the  young  plants  when  the  seeds  germ- 
inate. 

These  analyses  show  the  progress  of  such  a  change  to  a 
certain  extejit.  It  will  be  seen  that  th-e  protein  content  re- 
mains very  nearly  constant  though  it  is  well  known  that  it  is 
largely  transferred  to  the  seeds.  There  is  a  gradual  increase 
in  the  fat  content  so  that  the  quantity  is  about  doubled  dur- 
ing the  period.  On  the  other  hand,  there  is  a  gradual  decrease 
of  the  fiber  as  the  plant  approaches  maturity  and  a  constant 
increase  of  the  nitrogen  free  extract.  The  mineral  matter  or 
ash  suffers  little  change.  It  appears  in  this  case  that  the  fiber 
is  converted  into  what  is  termed  nitrogen  free  extract  which 
is  a  term  applied  to  a  number  of  substances  as  starch,  sug- 
ars, gums,  etc. 

Upon  taking  the  physical  condition  of  the  hay  produced 
into  consideration  with  the  above  results  the  vine 
should  not  be  cut  later  than  at  the  condition  represented 
by  No.  I II 3.  In  other  words,  the  proper  time  for  harvesting 
is  from  the  time  the  bloom  appears  until  before  the  pod  be- 
gins to  show,  the  formation  of  the  seeds  within. 

VELVET  BEAN  AS  A  FERTILIZER. 

We  are  constantly  receiving  inquirie  as  to  whether 
ground  velvet  bean  is  good  for  use  as  a  fertilizer.  The  reply 
is  that  the  food  value  of  the  ground  bean  is  too  great  for  one 
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to  profitably  use  it  for  such  a  purpose.  If  one  can  make  no  use 
of  it  as  a  food,  it  would  be  more  economical  to  sell  the  ma- 
terial as  such  and  purchase  fertilizer  with  the  proceeds  of  the 
sale.  The  following  analyses  were  made  which  give  a  fair  idea 
of  the  fertilizing  value  of  the  ground  bean  and  pod,  and  also 
of  the  hulls  alone. 

LABORATORY   NO.    I081.   ANALYSIS   OF   GROUND   VELVET   BEAN 

AND    POD. 

Moisture 12 .  28  per  cent. 

Nitrogen 2 .  74  per  cent. 

Potash,  K2O 1 .  59  per  cent. 

Phosphoric  acid,  P2O5 0.69  per  cent 

LABORATORY  NO.    IO82.   ANALYSIS  OF  VELVET  BEAN  HULLS. 

Moisture 1 1 .  62  per  cent. 

Nitrogen i  .08  per  cent. 

Potash,  K2O 2.16  per  cent. 

Phosphoric  acid  P2O5 i  .87  per  cent. 

From  the  above  analysis  we  find  that  one  ton  of  beans 
in  the  pod  contains  54.8  pounds  of  nitrogen,  31.8  pounds 
of  potash,  and  13.8  pounds  of  phosphoric  acid,  which  gives 
it  a  fertilizing  value  of  from  ten  to  eleven  dollars. 

Instead  of  grinding  the  material  it  may  be  worked  up 
into  a  compost. 

THE  BEAN  AS  FOOD. 

I  have  little  personal  knowledge  as  to  how  stock  relish 
the  ground  beans  but  have  been  informed  by  several  parties 
that  in  many  cases  stock  seem  reluctant  to  eat  the  material 
at  first,  but  upon  becoming  accustomed  to  it,  eat  it  greedily. 
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On  account  of  the  toughness  of  the  bean  it  should  be  ground 
before  feeding.  Some  even  cook  the  material  previous  to 
feeding  and  claim  that  cattle  prefer  it  thus  prepared.  In  order 
to  reduce  the  cost  of  handling,  some  turn  their  stock  and 
swine  into  the  field  to  feed  ui>on  the  bean.  Unfortunately  the 
only  digestion  experiment  we  have  undertaken  with  the 
ground  bean  proved  a  failure  and  was  not  completed,  so  it  is 
not  possible  to  say  what  percentage  of  the  different  constit- 
uents in  it  is  digestible.  We  hope  later  to  determine  its  nu- 
tritive  ratio  so  that  its  exact  feeding  value  may  be  known. 
The  following  analyses  are  given  which  may  prove  of  some 
service  and  for  the  present  the  digestive  coefficients  may  be 
regarded  about  the  same  as  those  of  the  cowpea. 

LABORATORY    NO.     IO81.    PROXIMATE    ANALYSIS    OF    GROUND 

VELVET  BEAN  AND  POD. 

Water 12 .  28  per  cent. 

Protein 17. 13  per  cent. 

Fats 4.61  per  cent. 

Fiber 14 .  25  per  cent. 

Ash 4.01  per  cent. 

Nitrogen  free  extract 47-72  percent. 

LABORATORY  NO.  I083.  PROXIMATE  ANALYSIS  OF  SHELLED 

VELVET  BEAN. 

Water 1 1 .  46  per  cent. 

Protein 22 .  69  per  cent. 

Fats 6 .  60  per  cent. 

Fiber 7 .  56  per  cent. 

Ash 3 .  t6  per  cent. 

Nitrogen  free  extract 48. 53  per  cent. 
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VELVET  BEAN  AS  A  COVER  CROP.  - 

i 

The  plant  in  some  respects  makes  an  excellent  cover 
crop.  The  dense  growth  protects  the»  ground  from  the  sun 
and  crowds  out  objectionable  grasses  and  weeds.  It  has  prov- 
ed a  source  of  annoyance  to  some  in  their  orchards  on  ac- 
count of  the  tendency  it  has  to  climb  and  take  possession  of 
the  trees.  However,  this  may  be  avoided  by  proper  planting 
and  attention  so  as  to  prevent  the  vines  reaching  the  trees. 
An  objection  advanced  by  Professor  Hume  to  using  this 
plant  in  orange  orchards  is  that  it  acts  as  a  harbor  for  one 
of  the  Soldier  Bug  family  which  turns  his  attention  to  the 
trees  after  the  vine  is  dead. 

VELVET  BEAN  AS  AN  ORNAMENTAL. 

In  this  climate  where  it  is  essential  to  have  our  porches 
protected  from  the  sun  the  velvet  bean,  on  account  of  its 
great  growth  is  very  much  in  favor.  This  was  its  only  use  in 
the  state  for  nearly  twenty  years.  Not  only  does  it  make  a 
dense  shade  but  it  is  quite  an  attractive  vine,  the  blossom  as 
shown  in  cut  No.  II  is  very  pleasing  and  the  pods  too  are  at- 
tractive, the  common  name  of  the  plant  being  derived  from 
the  appearance  of  the  pod. 

In  closing  I  wish  to  express  my  thanks  to  Dr.  H.  E. 
Stockbridge  for  placing  at  my  disposal  the  animals  and  ma- 
terial with  which  to  make  the  digestion  experiments.  I  wish 
to  acknowledge  my  appreciation  of  service  rendered  by  H.. 
Harold  Hume  for  taking  photographs  from  which  the  cuts 
were  made  and  for  the  description  of  the  plant.  I  am  also  in- 
debted to  A.  W.  Blair  for  the  careful  execution  of  the  greater 
part  of  the  analytical  work  in  this  bulletin. 
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THE  ILLUSTRATIONS. 


The  frontispiece  is  from  a  photograph  of  the  velvet  bean 
seeds. 

No.  II  represents  the  leaf,  flower,  and  fruit  in  the  pod. 

No.  Ill  is  from  a  photograph  of  the  root  illustrating  the 
nodules  formed  through  the  agency  of  the  bacteria. 

No.  IV  shows  the  actual  size  of  some  of  the  nodules. 

No.  V  is  from  a  photograph  of  a  field  of  velvet  beans. 
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